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B.C.E., 5, 4, 242. U.D.C. No, 66.046.1:532.51 
ANALOGUE HYDRAULIQUE POUR 
WETUDE DES ECHANGEURS DE 
CHALEUR EQUILIBRES 
par J. Prochazka, J. Landau et G. Standart 
Les analogues hydrauliques per tent de résoud: 
des pr posés par les 
ned de chaleur équilibrés. Les auteurs 
décrivent la construction d’analogues hydrauliques 
dont un capillaire continuellement variable. Ils 
illustrent |’ ———— de ces dispositifs au moyen de 
deux Le p ier est le calcul de 
la superficie d’un échangeur & deux courants et le 
second de la superficie d’un échangeur 4 trois courants 
et plus. 














Kurzreferate 











Pe3ome 











B.C.E., 5, 4, 242, U.D.C. No, 66.046.1:532.51 
HYDRAULISCHER ANAL PPARAT 
BEIM STUDIUM VON WARME- 
AUSTAUSCHERN IM STATIONAREN 
ZUSTAND 
von J. Prochazka, J. Landau und G. Standart 
Hydraulische Analogap t ermédglichen die 
Lésung von komplexen Problemen von Wiarme- 
austauschern im stationdren Zustand. Die Verfasser 
beschreiben die Konstruktion von Hydraulik- 
Analogapparaten mit Einschluss einer stufenlos 
variablen Kapillaren. Der Einsatz dieser Einrich- 
tungen wird an Hand von zwei Beispielen beschrieben, 
von denen das erste die Berechnung der Oberfidche 
eines D hers darstellt, und 
das zweite die Berechnung der O} i 
Warmeaustauschers mit drei oder mehr Strémen. 








B.C.E., S$, 4, 242. U.D.C. No. 66.046.1:532.5) 
Hs berry a at AHNOrMA A 
WUSYYEHWA TENMNOOBMEHHWHOB C yYC\0- 
AYEBbIM PEH{UMOM 
Hf. Iipoxaxa, H. Jlangay u Jim. Cranpapr. 
Tugpasamveckan ananorma aBageTCA §Npoctum 
enoco6om pellenHa cHO%xXHHX upobmeM TemN0-0TL AW 
mpm ycroiivesom pesxmme. B cratse onmenpaeres 
KOHCTPYKUMA PHLpaBAWWeCKHX aHanoruil, B YACTHOCTH 
ec Gecnepepusno menawmelica KanuanApHOcTin. 
Ilpamenenme oTHX npucnocobaenui BnaAawCTpEpyerca 
_BYMA CUMTAHHHMH NpHMepaMH: BO neppux 
ucwmcaenuem nn0maga 8 AByX-MOTOWHOTO §=© Temzo- 
o6meHHEKA H BO BTOPHX-NaomayK Tenz006mennMKa 
c Tpema nan Goapme o6pabaTuBawnuMsA NOTOKaMH. 





B.C.E., 5, 4, 248. U.D.C. No. 66.045.1:661.566: 
621.438 


RECUPERATION DE L’ENERGIE DANS 
UNE USINE D’ACIDE NITRIQUE 
por F. Barclay et J. G. Sloan 

On a réduit les besoins nets en énergie dans une 
usine d’acide nitrique en installant un nouveau circuit 
d’échange de chaleur destiné 4 augmenter la tem- 
pérature des derniers gaz quittant l'appareil d’absorp- 
tion et en permettant aux gaz chauffés de se dilater 
dans une turbine A gaz reliée A un alternateur. 
L’article fournit des détails sur les conditions 
opératoires et sur les installations utilisées. 


B.C.E., 5, 4, 248. U.D.C. No, 66.045.1:661.566: 
621.438 

ENERGIER UCKGEWINNUNG IN EINER 

SALPETERSAUREANLAGE 


von F. Barclay und J. G. Sloan 


Der Nettoenergieverbrauch einer Salpetersdurean- 
lage konnte durch Einbau eines neuen Wirme- 
austauschkreises herabgesetzt werden, womit die 
Temperatur der das Absorptionsaggregat verlassen- 
den Abgase erhéht wurde, wobei diese erwirmten 
Gase in einer an einen Alternator angeschlossenen 
Turbine expandiert wurden. Der Artikel bringt 
Einzelheiten tiber die Betriebsbedingungen und iiber 
die Einrichtungen der Anlage. 


B.C.E., 5, 4, 248. U.D.C. No. 66.045.1:661.566: 
621.438 


a Ys wr gaa SHEPTMM B A30THOA 
YCTAHOB 
®. Bapraett u HK. I. Caoyn. 

Tlorpe6zenne pabovelt snepruu B as0THOM ycTanoBKe 
6uam0 coKpameno B pesyabTaTe BBe_eHNA HOBO 
cCHCTeMN TeNMO0OMeCHHHKOB 2A NOBWINeHHA Temme- 
paTypH OcTaTOWHOrO rasa BHXO_AMero M3 abcopbepa 
HM WaBad HarpeTOMy Tasy BOSMOXHOCTL pacuiupatca 
mpoxoga wepes rasopyw TypOuHy coeqMHeHHyW ¢ 
amsTepuaTopom. IIpusogatea nogpo6noctu pabowx 
yceuopnit H IpHMeHAeMEIX YacTell ycTaHOBKH. 





B.C.E., 5, 4,° 252. U.D.C. No. 66.06:665.5: 
532.52 

DECHARGE DE GAZ Liaué€ériés DE 

PETROLE A TRAVERS DES ORIFICES 


por W. R. van Wijk et A. J. Wesseling 

Les auteurs étudient la vitesse de décharge de gaz 
liquéfiés en ébullition, comme le propane, a travers 
des orifices et proposent des méthodes pour la calculer. 
lls illustrent leur article de diagrammes dans ce but. 
Pour des orifices d’environ 1 mm et 2 mm de diamétre, 
la théorie et la pratique s’accordent excellemment 
bien. 


B.C.E., 5, 4, 252. U.D.C. No. 


66.06:665.5: 

532.52 
DER AUSTRITT VON VERFLUSSIGTEN 
PETROLEUMGASEN DURCH 
OFFNUNGEN 


von W. R. van Wijk me A. J. Wesseling 


Die Austrittsge indigkeit von ver- 
flissigten Gasen, wie Propan, durch Offnungen wird 
studiert und Kalkulationsmethoden werden vo! 
schlagen. Diagramme. sind zu diesem Zw 
vorbereitet. Die Ubereinstimmung qntuhen 
Theorie und Praxis ist bei 1 mm und 2 mm Offnungen 
ausgezeichnet. 


a" 





B.C.E., 5, 4, 252. U.D.C. No. 


66.06:665.5: 

532.52 
PASPAQ CrYWEHHbIX HE®TAHbIX MAPOB 
4EPE3 OTBEPCTUA 


B. A. pan Bur a A. 2K. Becoeaunr. 


PacmaTpuBaetca cTenenb paspala KHNAMLMX, Crymen- 
HHX Pa3z0B, Kak HalpaMep Upomana, Yepes OTBepcTBuA 
H IPHBOAATCA METOTH e@ BHINCTEHAA C HEOOXOLM MEME 
ya storo quarpamMamu. Cormacue TeOpHe ¢ IpakTuKolt 
peero ayume B OTHOWeHNH oOTBepeTHit AMaMeTpOM 
npH6ansuTeabAoO B 1 MM Hau 2 MM. 





B.C.E., 5, 4, 256. U.D.C. No. 66.045.5:624.97 
NOUVELLES TENDANCES aoe LA 
CONSTRUCTION DES TOU DE 
REFROIDISSEMENT — DEUXIEME PARTIE 
por D. J. Tow 

L’auteur examine un certain nombre de matériaux 
pour la construction des remplissages des tours de 
refroidissement. I] conclut que | les matiéres plastiques 
offrent la meilleure combi m de lité: l 
considére ensuite divers moyens d’exploiter ces 
matériaux : groupes de tubes de section hexagonale, 
gaines ondulées et finalement grilles. Le matériau de 
remplissage appelé Polygrid présenterait, selon 
l’auteur, la combinaison de propriétés la meilleure. 





B.C.E., 5, 4, 256. U.D.C. No. 66.045.5:624.97 
NEVE KUOHLTURMKONSTRUKTIONEN — 
yyy ae ge hae UND 
-BAUSTOFFE — TEIL 2 
von D. J. Tow 

Der Verfasser bespricht eine Anzahl von Baustoffen 
fir Kihiturmpackungen ; er schliesst darauf, dass 
sich die beste Kombination der gewiinschten Eigen- 
schaften durch Kunstharze erzielen ldsst. Ver- 
schied Einsatzméglichkei dieser Baustoffe 
werden beschrieben, darunter Biindeln von Sechskant- 
rohren, Wellplatten, und Roste. Die als Polygrid 
bekannte Fillung scheint die gewiinschten Eigen- 
schaften am besten zu vereinigen. 





B.C.E., 5, 4, 256. U.D.C. No. 66.045.5:624.97 


HOBWECTBA B HOHCTPYHUMM BAWEHHDbIX 
XONOAWIIbHUAHOB — METOAbI 
HOHCTPYHUMM VW MATEPbASIbI: “acts 2an 
JI. UM. Toy. 

AsTop cTaTbH pacmaTpuBaeT pA MaTephAa0B 
NpUMeHACMHX B MPOMSBOACTBE NPOKMa_OK AAA Samen- 
HHX XONO{HAbHMKOB. On JeraeT BIBOL, ITO Ay 
BO BC€X OTHOMEHHAX JIA TOTO MATePbAT-NAacTMacca. 
ABTOp IPHBO_ET saTeM pasmMInHe cnocobH mpuMe- 
HeHEA TaKHX MATeEPbANOB, B YACTHOCTH NyukKaMa 
WecTArpakEHX Tpy6, BOMHMCTOM O6mMBKOM H pemeTIa- 
Toh mporzayzKol. Han6onee nomesHHe KavecTBa 
coveraeT B ce6e, Kak nOmarawT, UpOKAaykKa THDa 


«Tlozurpay. 





B.C.E., 5, 4, 260. U.D.C. No. 658.5:66.01 
L’ADMINISTRATION PEUT-ELLE ETRE 
SCIENTIFIQUE ? 
por R. W. Revans 

Aprés avoir souligné les ressemblances qui 
caractérisent, dans le fond, le génie chimique et 
Vadministration industrielle, l’auteur examine divers 
moyens destinés 4 appliquer des méthodes scientifiques 
4 l’administration. Il recommande que les adminis- 
trateurs veillent toujours 4 diviser leur travail en 
cing phases: étude générale, spécifications, action, 
comparaison des résultats — avec les prévisions 
théoriques et, finalement, décisi 





B.C.E., 5, 4, 260, U.D.C. No, 658.5:66.01 
IST EINE WISSENSCHAFTLICHE 
LEITUNG MOGLICH? 
von R. W. Revans 

Der Verfasser betont erst die grundlegende Ahn- 
lichkeit zwischen dem chemischen Maschinenbau 
und der industriellen Verwaltung, sowie Méglich- 


B.C.E., 5, 4, 260, U.D.C. No. 658.5:66.01 
MOMET-TIM ADMUHMCTPALIMVA BbITb 
NOCTABNEHA HA HAY4YHOA OCHOBE 
P. B. Pusanc. 

Ormerus o6mme ee B A{MHHECTPanHN XuMETeC- 
Koro MALINHOCTpoeHEA I1pOMBIMNeHHOCTH, AaBTOP 
cTaThH obcyxqaeT enseetes IIpHMeHeHHA HAayWHHX 





keiten des Einsatzes wissenschaftlicher Methoden in 
letzterer. Er empfiehit an, dass Werksleiter wiederholt 
fiinf Schritte unternehmen sollen: diese sind die 
Ubersicht, die Spezifikation, die Arbeit oder 
Wirkung, der Vergleich mit der theoretischen 
Vorhersage, und schliesslich die Entscheidung. 


B AIMHHNCTPanAH XHMNYeCKOH MpOMNUIeH- 
noctu. On peKkomen,yeT THpeKTOpaM al MHHNCTPANEe 
MHMMATL NOBTOPHO caexymme Mep BOXETS 
Op, UpexmpaaTaa, yTOWHATE cilenMmuKaluE, 
IPHHEMATL COOTBETCTBYMMe AelCTBHA, CpaBbHuBaTd 
ROCTHrHyTHWe peSyIbTAaTH ¢ TeOpeTMeCKHM OTpe- 
yewenweM H UPHEWMATL 3ATeM TBEPAe pemeHHA. 





B.C.E., 5, 4, 264. U.D.C. No. 66.013:658.22.003.2 


L’ENTREPRENEUR DE CONSTRUCTION 
D’USINES DE PRODUITS CHIMIQUES 


par M. Davidmann 


L’article étudie la structure de l’organisation de 
certaines compagnies de construction d’usines de 
produits chimiques et il révéle qu’il existe un certain 
nombre de sources de friction et d’inefficacité. Il 
suggére des mesures & prendre pour harmoniser le 
travail des divers services intéressés dans la 
construction d’usines de produits chimiques. 





B.C.E., 5, 4, 264. U.D.C. No. 66.013:658.22.003.2 


LIEFERANTEN VON CHEMISCHEN 
ANLAGEN 


von M. Davidmann 
Der Artikel unteroucht dle organisationelle Struktur 
verschiedener L chemischer 


ran ikcibupgen tnd. 'naanwirachatisher “Atte 
zu unwirtschaftlicher Lay 

schiedenen Abteil oe der Fh 

chemischer Anlagen betelligt sind, zu 








B.C.E., 5, 4, 264. U.D.C. No. 66.013:658.22.003.2 


OPFAHW3ALIMA CTPOUTESBCTBA 
XMMUAYECKHMX YCTAHOBOK 
M. Jlapayuans. 

B cratse o6cyxyaetea OpranmaanmonHad CTpyKTYPs 
UpMMensemad pALON MATH SAHATHX CTpO- 
HTCHbCTBOM XHMHGOCKEX yoTaHoBOK. AsTOp yKAaSHBaeT 
UpH S8TOM H& HekOTOpHe cTOWNMKN Tpenui 
Hencnpapnoctre. On mpemaaraeT HeKOTOpLIe MepH 


K OCTHRCHHW TAPMOHHIHOTO COTPYAHMIECTBA MORAY 
MH OTI€1aMH Ipe_UpuATHA SaHATMBIX CTPO- 
HTCILCTBOM XHUMHYCCKHX YCTAHOBOR. 
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Standardising Centrifugal Pumps 


N OST users are likely to welcome the new proposals for 

standardising centrifugal pumps although we under- 
stand that some of the manufacturers are not very happy 
about them. After expressing concern about the lack of 
simple dimensional standards for these pumps, the Engineering 
Equipment Users’ Association recently announced that they 
had made an extensive study of the subject and produced two 
simple draft standards for end suction and horizontally split- 
casing pumps. The drafts deal only with overall fixing 
dimensions and their object is to ensure that all makes can 
be readily interchanged. The dimensions were prepared after 
examining a large number of existing makes and are said to 
be average figures. This appears to us rather more a “‘diplo- 
matic” than a “technical” solution, since it may cause 
maximum inconvenience and minimum offence. Nevertheless, 
we would strongly support the trend towards standardising 
such basic units of equipment. Variations in dimensions are 
likely to cause difficulties which can delay the completion of 
new plants or affect normal or urgent replacement of indi- 
vidual units. For example, piping plans may be held up while 
awaiting dimensional details of new pumps, or time may be 
lost in modifying pipework or arranging new fixings to 
existing foundations. 

The Association has submitted the draft standards to the 
British Standards Institution with a request that they should 
be considered as a basis on which a specification might be 
initiated. 


Raising the Performance of Vibration 


Mills 
ARRYING further the line of study on which he has 
written in our columns (1959, Vol. 4, Nos. 8 & 9, p. 450) 
H. E. Rose has now discussed several methods for improving 
the performance of vibration mills. Expressions have been 
derived for the size of the out-of-balance weights necessary 
to maintain such a mill in motion, the power absorbed in the 
charge, the power associated with the formation of new 
surface, and the power dissipated in friction in the bearings. 
From these expressions it was possible to study the variations 
in the mill efficiency arising from variations in the conditions 
of operation and in the size of the mill. In his paper, presented 
to the Institution of Chemical Engineers, Dr. ROSE went on 
to show that very high rates of grinding can be obtained by 
running the mills at high speed but that, under these condi- 
tions, the power dissipated in the bearings of a mill of con- 
ventional type is excessive. The efficiency of the machine is 
seriously reduced and mechanical difficulties arise which 
could place an upper limit upon the size of a machine of this 
type. They can be overcome however by arranging that 
there is almost resonance between the vibration of the mill 
body and the rotation of the out-of-balance weight shaft. 
Under this condition mills of large size and of high efficiency 
are possible. 
Nevertheless there remain a number of problems to be 
solved before these principles can be fully exploited. One is 


the question of the large temperature rise due to the large 
power dissipated in the mill charge. Another is that of the 
work-hardening of the material of the mill body. This difficulty 
could possibly be met by the use of rubber or a “plastic” 
lining to the mill—a form of liner which has proved successful 
in other fields of mill technology. Finally it is necessary to 
find a way in which powder can be fed through a mill at the 
rate necessary to give the high rate of production which 
these mills offer. As an example, in one machine mentioned 
in the paper it would be necessary to feed about 40 tons of 
cement an hour through a tube of about 34 ft in diameter, 
the tube being 80% filled with balls of one centimetre diameter. 


Critical Assessment of Weld Defects 


OMETIMES the worst defects in a weld are those clearly 

visible with the naked eye. Small internal defects which 
can only be revealed by elaborate and costly methods of 
non-destructive testing are probably the least important. 
This was not the only shock administered by Dr. RICHARD 
Weck, Director of the British Welding Research Association 
in a recent talk to the Society of Non-Destructive Examina- 
tion. For the speaker went on to say that he was not unduly 
worried about the possibility of failures occurring in butt 
welds in pressure vessels. There was, however, some cause 
for concern about failures occurring in welds joining stand 
pipes to pressure vessels. Such welds were harder to make, 
very difficult to inspect properly and subject to much higher 
stress concentrations. 

Is it really beneficial to heat-treat welds to remove much 
of the residual stress? Recent results appear to suggest that 
if a defect is present at a site where there is a residual com- 
pressive stress, the structure will be much safer in service if 
the compressive stress is not removed. In the case of a tensile 
stress associated with a defect, the evidence still points to 
the need to remove this stress. Thus the general problem is 
rather complex and the effect of heat treatment appears to 
depend on circumstances. But defects are not the only source 
of weakness. Dr. Weck referred to a case where the weld 
contour had played a more important part in determining 
the strength of a weld under fatigue than defects. In one 
investigation it had been found that welds made by manual 
welding were stronger than those made by an automatic 
process. What was the explanation? The hand welding had 
produced a smoother contour between weld and parent 
metal than the automatic process, where the angle tended to 
be almost acute, thus weakening the joint. 

The last of the bombshells of this address was complete 
opposition to acceptance codes, either in the form of diagrams 
or radiographs on the ground that there was not enough 
basic information available to permit such codes to be devised. 
So much depended upon particular conditions that useful 
guidance could not reasonably be given by codes based merely 
on empirical considerations. No code could be a substitute 
for a properly educated inspection engineer, with a wide 
background of practical experience in design as well as 
inspection. 
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lon-exchange as a Continuous Process 


NEAT summary of the present state of knowledge on 

continuous ion-exchange has been made by K. R. PooLe.* 
In general, devices for continuous solid-fluid contacting have 
fallen under the heads of fixed or moving bed contactors 
and mixer-settlers. An economic comparison of the three 
methods is reported to have shown the mixer-settler system 
to be consistently the most expensive for ion-exchange. For 
separation purposes the choice between fixed and moving beds 
depends upon the separation factor of the ions concerned, 
the product purity and the recovery. In the case of ion removal 
processes however the moving bed was consistently more 
economical, particularly in larger systems. 

An appendix to Mr. Poo.e’s report gives an indication of 
the steps in solving problems of plant design, citing references 
to fuller treatments. For moving bed processes the selection 
of a resin will be governed principally by the equilibrium 
constants for the reactions between the ions concerned and 
the resin. Once a resin has been selected certain other quantities 
are fixed automatically: the total concentration of ions held 
by the resin, its particle size and bulk density in a packed bed, 
the fractional voidage left in the packed bed and the diffusivi- 
ties of the ions in the resin. 

Other factors determined by the design requirements are 
the product purity and the fractional recovery of material A 
in the A-rich stream. The height of a transfer unit is given by 
an experimental correlation involving, among a dozen other 
quantities, the cross-sectional area of the column. Reduction 
of this area reduces the quantity of resin but increases the 
linear solution velocity necessary to maintain a given through- 
put, thereby increasing the column pressure drop and pumping 
costs. A compromise must therefore be found between this 
area and the resulting height of a transfer unit. An optimisa- 
tion of the number and height of transfer units, pumping 
costs and elutant requirements must be carried out for a 
series of values of the operating conditions chosen. 

* AERE—R 3022 H.M.S.O. 1959 2s. 6d 


Tower Units for Removing Hydrogen 
Sulphide 


E have previously noted fr sh approaches to removing 

hydrogen sulphide from fuel gases (1959, Vol. 4, No. 1, 
p.2). It is also interesting now to learn the results of re-studying 
the traditional iron oxide process from a chemical engineering 
standpoint. At the Southampton works of the Southern Gas 
Board the first set of purifiers based on the principle of rapid 
rotation has recently been commissioned. They remove 
hydrogen sulphide from refinery gases at the inlet of the reform- 
ing plant. Nominal capacity of the purifiers is 2.6 million 
cu. ft of gas per day containing up to 1200 grains of hydrogen 
sulphide per 100 scf. The gas flow is cyclic at an operating 
pressure of 9 Ib per sq. in. To meet the pressure conditions 
and help speed up manufacture and erection, the plant was 
made in the form of ten identical circular towers connected 
as five pairs normally operated in parallel. A single tower of 
each pair may be isolated for emptying and refilling while the 
other remains on stream. In each tower are four layers of the 
oxide on grid supports. Gas is led in half way up the tower, 
half the volume flowing upward and the rest downward. 
Controlling the flow are valves automatically operated by 
hydraulic cylinders. A special timer changes the sequence of 
the purifiers every two hours—compared with about 24 hours 
in gasworks practice—the time taken to “swing” the 
units being about one minute. The plant is claimed to be the 
first in the world designed to use the principle of rapid 
rotation and with fully automatic valve swinging. It was 
designed and constructed by W. C. Holmes & Co. Ltd. to 
the order of Humphreys & Glasgow Ltd. 
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Monopolies Commission on Chemical 
Fertilisers 


LONG and detailed investigation by the Monopolies 

Commission into the supply of chemical fertilisers 
in the United Kingdom has resulted in an almost 
perfectly clean bill of health being returned. It was 
decided* that in this expanding industry the policies of 
the leading companies generally do not operate against 
the public interest. The one qualification concerned 
Fisons which was recommended to “adjust its pricing 
policy to yield a lower level of profit than has been 
achieved in recent years.”’ Immediately after the report 
was published Sir Clavering Fison, chairman of the 
firm, announced that the company was satisfied with 
the report, and had no criticism of its content. Price 
reductions had been made in the past two years, since 
the date to which the report’s statistics refer, bringing 
the company into line with the average indicated by 
the Commission. 

An interesting feature which seemed to receive little 
attention in the general press was the Commission’s 
endorsement of the view that there is a good case in 
principle for a fresh subsidy, of the same order as those 
now prevailing for nitrogenous and phosphatic 
fertilisers, to encourage the use of potash. We have 
previously referred to the apparent anomaly (1958, 
Vol. 3, No. 9, p. 469) of the situation in which potash 
—alone of the three major plant nutrients—receives no 
subsidy. This is said to be based on the fact that all our 
supplies of potash are imported. 

* Report published by H.M.S.O. 10s. 6d. 

















“Galvanic Corrosion had a Holiday” 


LANTATION Pipe Line is a multiple line system pumping 

refined petroleum products from Louisiana to North 
Carolina utilising completely electrical stations at 30- to 
60-mile intervals. In a paper to the American Institute of 
Electrical Engineers, Mr. FRED ARMSTRONG and colleagues 
recently gave a before-and-after account of their work on 
cathodic protection of its pumping stations. At the stage des- 
cribed by our heading they had been built with copper water 
pipe, galvanised steel pipe and cast iron roof drain pipe. 
There were also present high and low pressure piping of 
different compositions, copper-clad ground rods and galvan- 
ised conduits. 

Cathodic protection was applied using distributed graphite 
anodes and a full wave rectifier. The anode system was laid 
out to follow the perimeter of the pump station so the current 
flowing in the ground would tend toward the station piping 
and the negative return. All the power service, bonding 
cables and negative return cables were installed in steel 
conduits. In addition the piping and the existing conduit lay- 
out were studied and bonds made to ensure that the negative 
path back to the rectifier could not be broken by the removal 
of valves, meters, strainers, or other fittings or pieces of 
equipment. While the authors found that corrosion could be 
controlled by this system they also comment that attention 
in the initial planning stage is far preferable. Many corrosive 
cells caused by dissimilar metals could be eliminated and pro- 
tective coating applied by the best methods. Anode locations, 
cable runs, and rectifier sites could be incorporated into the 
over-all layout of station piping and equipment; costly hand- 
ditching around the piping and under paved drives could be 
eliminated. This would reduce the total cost. However, even 
at existing stations, cathodic protection is cheap insurance. 
The price of only one or two leaks under concrete station 
floors would pay for the original cost. 
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Hydrogenating Brown Coal 


WO fairly well-defined stages occur in the hydrogena- 

tion of Australian Yallourn brown coal. Investigations 
in a continuously operated co-current fluidised bed reactor 
have shown that the first stage, removal of oxygen-containing 
functional groups and hydrocarbon side chains, is very rapid 
and occurs in competition with pyrolysis reactions. Using 
high partial pressure of hydrogen and high temperature the 
products are predominantly methane and water. This stage 
appears to be complete when about 57%, of the total coal 
substance is gasified. Maximum production of methane is 
about 6 cu. ft consuming about 8.5 cu. ft of hydrogen per 
pound of dry ash-free coal. 

The second stage, in which the residual aromatic carbon 
structure is hydrogenated, involves a much slower reaction. 
The rate of this reaction is directly proportional to the hydrogen 
partial pressure and is strongly dependent on temperature, the 
rate constant increasing by a factor of 15 between 750°C 
and 950°C. Complete gasification of the brown coal would 
yield about 18.5 cu. ft of methane and consume about 33.5 cu. 
ft of hydrogen per Ib of dry ash-free coal. 

This first phase of the hydrogenation project in the chemical 
engineering section of the Australian Chemical Research 
Laboratories* has been completed. Equipment is now being 
assembled for a second phase using a much longer counter- 
current flow reactor with a bed depth of 20 ft. In this it is 
hoped to develop a practical reaction system to enable gas of 
high methane content to be produced under thermally self- 
supporting conditions. 


* Quoted in the Annual Report 1958-59 published by the Commonwealth 
Scientific and Industrial Research Organization. 


Pulsation Can Accelerate Rate of Solution 


VER a limited range of conditions—frequency 60-400 
JF pulsations per minute, amplitude 2-10 mm—TAapDeEusz 
Rosner, ef a/ have shown that dissolution is another of the 
processes that can be favourably influenced by applying 
vibrations. Trials were carried out* with salt dissolving in 
water and, more extensively, with solid paraffin in benzene. 
Small test samples of solid were placed in the relevant liquid 
and mechanically-generated vibrations applied to the latter 
through a rubber membrane for two minutes. It proved 
possible to derive an empirical equation for the rate of solu- 
tion in these conditions in terms of the rate of solution without 
pulsation, the frequency and amplitude of pulsation. As usual 
in work with vibrations, the authors detected compound 
vibrations in some cases which may have arisen from resonance 
in parts of the apparatus. Other workers have also found that 
this complication is difficult to avoid in attempting to derive 
generalised laws of phenomena when using vibrations. The 
wave-form, produced by a wheel and crank, will have been 
sinusoidal and there is no evidence of attempts to investigate 
other wave-forms. 
* Przemysl Chemiczny, 1959 Vol. 38 No. 9, p. 561. 


Finned Pipe Cooling Coils for Air 
Conditioning 

OW do you size a finned coil for air cooling with 

dehumidification ? The weaknesses of using an approach 
based on a mean overall heat transfer coefficient are illus- 
trated in a recent paper by L. C. BUuLL.* Criticising coil 
manufacturers for not publishing tables of ratings, he goes 
on to point to the difficulties that follow. The designer is 
compelled to send an enquiry to the manufacturers stating 
the duty required at maximum load and giving the coolant 
conditions. The latter are often chosen quite arbitrarily. There 
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Further Expansion in Plastics 


Net sales of plastics materials in 1959 at 501,000 
tons were 20% up on 1958. The main increase, as in 
the previous year was in thermoplastics, notably in 
polyethylene which was 44% higher than in 1958; 
there were also considerable increases in polyvinyl 
chloride, polystyrene and acrylics. The only thermo- 
plastics showing virtually no change were the cellu- 
lose plastics. In the thermosetting group, expansion 
was spread fairly evenly over the three types— 
alkyds, aminoplastics and phenolics and cresylics— 
which account for the bulk of this output. Polyesters 
continued to expand very rapidly, and epoxide resins 
resumed a rapid advance ; these materials still, how- 
ever, account for a fairly small proportion of total 
sales. 











is no guarantee with this procedure that the most economical 


. coil and coolant conditions will be selected, nor is any 


information forthcoming on the performance of the chosen 
coil under conditions of partial load. 

Mr. BuLt’s paper is, therefore, directed to assisting 
engineers to gain their own understanding of the way coils 
behave. This will enable them to frame their enquiries to 
manufacturers in the most economical terms and forecast 
with reasonable accuracy how the coil finally selected will 
perform under the various conditions it is likely to meet when 
installed. The simplest case is, of course, when the coil is dry 
and no external part is below the air dewpoint. For the more 
common case of a coil used both to cool and dehumidify, it 
is recommended that designers should select a coil outlet 
condition which lies fairly close to the saturation curve. On 
balance this minimises the cost of the air handling and 
refrigeration plants. Finally sprayed coils are also considered. 
This useful design paper ends on a practical note giving 
representative figures for resistance to air flow and pointing 
out that adequate drainage arrangements are needed for all 
dehumidifying and sprayed coils. Large coils should be 
divided on horizontal planes into separately drained sections 
in order to prevent flooding of the lower portions. 


* Journal of the Institution of Heating and Ventilating Engineers, 1960, February, 
Vol. 27, p. 313. 


Handling Materials 


AYLOAD of a road transporter for liquid hydrogen is 
only 374 Ib due to the stringent safety regulations govern- 

ing its transport. This was among the surprising and useful 
facts brought out at a recent joint symposium in Manchester 
organised by the Institution of Chemical Engineers, Graduates 
and Students’ Section, and the Chemical Engineering Society 
of the College of Science and Technology. The opening paper 
by Mr. ANGUS must have dealt with every conceivable 
container for the transport of high pressure permanent gases, 
liquifiable gases, liquids and solids by road, rail and sea. The 
general theme of the symposium was ‘Materials Handling 
in the Chemical Industry.” Further papers dealt with packag- 
ing and storage, including underground storage of gases. 
All known methods for conveying gases, liquids, solids and 
slurries were covered by Mr. JosCELYNE in a paper which 
went on to pay special attention to the latter two categories. 
An interesting arrangement reported was the pumping of a 
crystalline slurry from an artificial crystal-forming lake, by 
means of a raft floating on the lake; the raft supported the 
pump which was connected to the shore by a flexible pipeline 
of up to two miles in length. 
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FLOW CONTROL at the I.E.A. Exhibition 


NEW INSTRUMENTS WILL BE INCLUDED IN THE EXTENDED RANGE OF 
FLOW METERS AND AUTOMATIC FLOW CONTROLLERS BEING DEMON- 
STRATED. EXAMPLES OF FLOSTAT CONTROL SCHEMES AND GAPMETER 
APPLICATIONS CURRENTLY IN USE WILL BE SHOWN, TOGETHER WITH 
DETAILS OF INSTRUMENTS AT PRESENT UNDER DEVELOPMENT | 


GAPMETERS 
COMPACT DIRECT INDICATING FLOWMETERS 
FLOW RANGE: 0.1 — 200 c.f.h. Air, 0.5 — 60 c.f.h. Water. 
PRICE RANGE: £2 I5s. 0d. — £4 2s. Od. 
SIZES: For flows up to 1,000 c.f.h. Air 
and 1,000 g.p.h. Water. 


NEW | feature: = FLOSCAN photo-electric alarm 
attachment. 


PROTOTYPE: Shunt Gapmeter for large pipes. 


7 





DESIGN SERVICE: The scope of projects handled will be 
seen from photographs, drawings and specimens of Instrument 
Panels, Plant Layouts and Equipment designed for specialised 
application. 


FLOSTATS 
AUTOMATIC FLOW CONTROLLERS (SELF-ACTING) 
FLOW RANGE: 30-80,000 c.f.h. Air, 2-20,000 g.p.h. Water. 
PRICE RANGE: From £35 0s. Od. 

“* Standard ” (non-adjustable). 


TYPES: ““V”’ calibrated 10:1 range. 
\ “* B”’ governor to prevent excess flow. 


SIZES: Flostat Minor for small 
flows measured in Gapmeters. 
NEW FEATURE: Type “V”’ with standard flow ranges. 


PROTOTYPE: With ‘ Bellofram’ pressure 
responsive element. 


G A pi STAND G.317, OLYMPIA 10-6 p.m. 23-28 MAY 1960 
. a ATON LTD. 323A, WHITEHORSE ROAD, CROYDON, SURREY 
THOrnton Heath 1631 
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Electrolytic Production of Hydrogen 
Peroxide 


IRECT formation of hydrogen peroxide in an electro- 

lytic cell is not possible in usable quantities, but at the 
anode peroxy compounds can be formed which will yield 
hydrogen peroxide by subsequent hydrolysis. The choice of 
electrolyte and electrode materials materially affect the 
operating voltage and current efficiencies and therefore the 
overall energy efficiency of the process. In a recent paper to 
the Institution of Electrical Engineers, B. E. A. ViGers and 
R. O. FLETCHER discussed in detail the electrical supply side 
of the process based on using acidified ammonium bisulphate 
solution in water. In the electrolytic cell, ammonium persul- 
phate and hydrogen are formed; in a following hydrolysis 
column the former decomposes to the desired hydrogen 
peroxide, regenerating the original salt. Initially, the hydrogen 
peroxide vapour from the column is only about 4% strength. 
It is therefore fractionally condensed in a further column to 
give a final yield of peroxide which commonly has a strength 
of 35-50°%. The combined system of hydrolysis and fractionat- 
ing columns is maintained at a pressure of about 1.5 in-Hg 
absolute. Return liquor from the hydrolysis column, after 
adjustment for strength, passes to the electrolytic cells. 

In the so-called double-flow cell, a ceramic diaphragm 
s2parates anode and cathode; the electrolyte is passed through 
the cathode compartment and returned as feed to the anolyte 
side. A large battery of the single-cell version in this design 
has 100 cells in electrical series passing 2kA at 500 volts, that 
is | MW. In practice the heat to be dissipated is 573 kW— 
representing an energy efficiency of only 42.7%. To maintain 
even this value requires very careful attention to the factors 
affecting current efficiency and cell voltage. These factors, the 
electricity supply and distribution, together with safety aspects 
all receive careful treatment. The final section notes that 
attempts to obtain a special (evidently a cheaper) tariff have 
not been entirely successful. The authors conclude that other 
methods of producing hydrogen peroxide now being developed 
on a large scale may finally supersede the electrolytic process 
in spite of its many attractive features. Does this perhaps 
account for the surprising amount of detail in this paper? 


Extending the Life of Flare Stack Tips 


NLY a small part of a refinery flare stack is likely to 

deteriorate seriously but it may be more than 200 feet 
above the ground. What would otherwise be a minor re- 
pair can therefore become a troublesome and expensive 
operation. It is said that the temperature of the tip may 
approach 800°C. The stack is often in an exposed position 
near the coast where wind pressures are high. This com- 
bination of factors can lead to severe distortion. B.P. 
engineers at Llandarcy have produced a new design of tip 
in Incoloy DS nickel-chromium-iron alloy and report that 
the first two models—in service for over three years—are 
both still in good condition. The design consists of an 
arrangement of slats on the outside of the pipe to induce 
upward air currents preventing flame lick on the outside of 
the flare tip, deflecting the flame away from the outside and 
thus reducing the operating temperature. The tips are of 
all welded construction and the design is patented. 

Wiggin Nickel Alloys No. 55. 


Sources of Information in Atomic Energy 


OMPLETELY revised and enlarged, the U.K.A.E.A. 

booklet on sources of information* includes material on 
new national atomic energy projects in all countries active 
in this field. There are also references to publications on the 
work of the Authority, lists issued by the Authority itself, 
general bibliographies and guides, reference books, and 
periodicals including abstract journals. A subscription service 
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is available to those who wish to receive unclassified repo: ts 
automatically as they appear. Subscribers may obtain .|l 
reports issued or those in one or more of named subject 
categories, but not individual reports. The categories include 
chemistry—separation processes for plutonium and uranium, 
radiation effects on materials, radioactive wastes and stable 
isotope production. In addition the International Atomic 
Energy Agency has just issued a catalogue of its own works 
which refers to a legal series as well as the direct technical 
and safety publications. 

Almost simultaneously a U.S. booklet has appeared+ 
covering somewhat similar ground to the British one but more 
selectively. For the references given are considered to be the 
most comprehensive or informative items from the thousands 
of reports, articles, and other documents published on the 
nature and uses of radioactive and stable isotopes by the 
Commission, its contractors, other government agencies, 
and the commercial, scientific and technical press. Also 
included are a number of titles and notes on the availability 
of translations of important non-American publications. 
Rounding it off is a good index. 

* AERE Lib/L 1 1960 H.M.S.O. 6s. 


+ “Special sources of Information on Isotopes” TID-4563 U.S. Atomic Energy 
Commission. Free. 


Plastics for High Temperatures 


F the many fields of research in plastics none claims 

higher priority than the production of thermally stable 
materials. At the recent conference sponsored by our sister 
journal, Engineering Materials and Design, V. E. YARSLEY 
opened his review of the subject with the rueful comment 
that “resistance to heat has always been the Achilles heel of 
plastics.”” Until a few years ago the main lines of attack on 
the problem were to examine polymers in one way or another 
based on silicon. Results were shown in the diagrams pro- 
duced by Dr. YARSLEY from data originally published with 
Modern Plastics for September 1959. These showed materials 
listed on a temperature scale representing their resistance to 
continuous heat. In the thermosetting compounds they range 
from about 170°F for a urea moulding compound with 
cellulose filler to 600°F for epoxy cast with silicon filler. 
Thermoplastics span from celluloid at 140°F to glass bonded 
mica which can go up to 1000°F. The survey presented of 
current trends in developing thermally-resistant polymers 
included data and comments on carbon-based polymers, 
thermoplastic organics, thermosetting materials, inorganic 
and semi-inorganic materials and finally the reinforced ones. 
Materials combining the use of organic polymeric bonding 
agents with fibrous mineral reinforcing materials such as 
asbestos or glass fibres, have been used for many years with 
success. 

Emphasis in the paper was on the needs and achievements 
in the field of flight, although it was recognised that materials 
developed for this purpose would find many uses elsewhere. 
Chemical engineers may nevertheless find it useful to read 
this material—which is due to be published—and scan through 
the accompanying tables though they are confined to physical 
properties. Many possible applications in process vessels 
suggest themselves and some of these, as we saw at the 
accompanying exhibition, are already in being. 


Crystaltising a Process for Desalting 
Sea Water 


ANY countries are now running projects for conversion 

of saline to drinking or industrial water. The U.S. 
programme under the Saline Water Conversion Act of 1952 
must be by far the largest of these; it is resulting in a steady 
flow of interim reports from the Department of the Interior 
based on examining solar distillation, several other distillation 
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processes, membrane and freezing processes, desalination by 
organic solvents, by ultra high frequency electrical fields and 
other methods. Further legislation (Public Law 85-883 of 
1958) authorises the construction and operation of not less 
than five demonstration plans to test several of the more 
advanced processes. Five have, in fact, already been selected. 





Processes selected by U.S. Depart- 
ment of the Interior for Saline Water 
Conversion Demonstration 


OME of the following are now in construction, 
some due to be started soon: 

Long Tube Vertical Multiple-Effect Evaporator. 
This will be erected at Freeport, Texas, on the coast 
of the Gulf of Mexico, and will have an output of 
1 million gall. a day. 

Multi-stage Flash Distillation. This plant will be 
built at San Diego, California and will use nuclear 
power as the heat source. It will produce not less 
than 1 million gall. of fresh water each day. 

Electrodialysis. The location for this demonstra- 
tion process is at Webster, in the state of North 
Dakota, a small town in the Northern Great Plains 
area of the United States near the Canadian border. 
The plant will convert brackish water to fresh and 
will have a capacity of 250,000 gal. daily. 

Forced-Circulation WVapor-Compression Distilla- 
tion. A conversion plant using this type of distilla- 
tion will be erected at Roswell, New Mexico, which 
is located in the broad area of the United States 
known as the Southwest. The process can demin- 
eralise either sea or brackish water with equal 
efficiency, but for demonstration purposes will con- 
vert saline water to fresh at an anticipated rate of at 
least 250,000 gal. a day. 

Freezing. A plant with a capacity of 100,000 
to 350,000 gal. a day will be located on the Atlantic 
coast. It will be selected from two processes now 
at the pilot plant stage of development—one a flash 
evaporation method, the other based on the use of a 
secondary refrigerant. 











Meanwhile in Israel the recently-disclosed Zarchin freezing 
process—to be operated jointly by their Government and 
the Fairbanks Whitney Corporation—is claimed to be 
immediately ready for industrial use. The cost of water 
produced will be as low as—or lower than—the average 
cost of water in the U.S., which is estimated at 40 cents per 
1000 gal. “Large semi-industrial plants” are now to be 
erected in Israel. 

The essential principle is the direct freezing of one part of 
the solution by the evaporation of another part, without 
any addition of heat. Sea water flows into a high vacuum 
apparatus. Part of this feed evaporates and the vapours are 
evacuated from the apparatus. Temperature of the solution 
drops below 0°C and part of it consequently freezes, leaving 
the solution which is discharged. The ice crystals are brought 
into contact with the vapours which melt the crystals, yielding 
fresh water suitable for irrigation, industry and human 
requirements. The discarded concentrated solution is used to 
cool the feed by means of a heat exchanger. 


DIARY 
The Institution of Chemical Engineers 
March 29, 39, 31. North Western Branch. At the 
Manchester College of Science & Technology. Sym- 
posium, “Chemical Process Hazards with Special 


Reference to Plant Design.” 2.30 p.m. 
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April 5. Midlands Branch. At Birmingham Universi:y. 
Symposium, “Process Economics & Managemen.” 
9.30 a.m. 
April 12, At The Park Lane Hotel, London, W.1. 
Annual General Meeting. 10.45 a.m.  Presideiit’s 
Address, “Fuel and Power: A_ Technological 
Approach.” 12 noon. Annual Dinner and Dance. 
7.0 p.m. 

April 26. North Western Branch. At Manchester 
College of Science & Technology. Joint meeting with 
Institute of Petroleum. Discussion “Sealing against 
Pressure and Vacuum.” 3.30 p.m. 

April 28. Scunthorpe Group. At Grimsby College of 
Further Education. Annual General Meeting and Film 
Show. 7.30 p.m. 

May 4, 5, 6. At the Dome, Brighton. Joint meeting 
with the Chemical Engineering Group, The Society of 
Chemical Industry, sponsored by The European Federa- 
tion of Chemical Engineering. International Symposium 
on Distillation. 9.30 a.m. 


The Society of Chemical Industry 


March 24. Manchester Section. At the University. 
Annual General Meeting. Symposium, “ The Produc- 
tion and Use of Olefins in the Petroleum Industry with 
specific reference to Ethylene and _ Propylene.” 
10.30 a.m. 

April 4. Surface Activity Group. At 14 Belgrave 
Square, London, $.W.1. “ The Physical Chemistry of 
Foaming,” by Dr. J. A. Kitchener. 6.30 p.m, 

April 6. Corrosion Group. At 14 Belgrave Square, 
London, S.W.1. “The Presentation of Corrosion 
Information,” by J. W. Jenkin. 6.0 p.m. 

April 8. Heavy Organics Chemicals Group. At 14 
Belgrave Square, London, S.W.1. “The Handling, 
Packaging and Transportation of Heavy Organic 
Chemicals,” by C. D. Callieu and J. D. Fletcher. 6 p.m. 
April 12. Chemical Engineering Group. At 14 Belgrave 
Square, London, $.W.1. “ Developments in Factory 
Floorings,” by S. C. Chigison. 6.0 p.m. 

April 25. Surface Activity Group. At 14 Belgrave 
Square, London, S.W.1. Annual General Meeting. 
Address, “ Ion Exchange Resins and their Application,” 
by Sir Harry Melville, and Annual Dinner. 5,30 p.m. 


Koninklijke Nederlandse Chemische Vereniging 
and Koninklijk Instituut van Ingenieurs 
April 28, 29, 30. At the Koninklijk Instituut voor de 
Tropen, Amsterdam. Under the auspices of the 
European Federation of Chemical Engineering. 
Symposium, “Chemical Reaction Engineering.” 


The Institution of Mining and Metallurgy 
April 6-9. At Church House, Westminster, London, 
S.W.1. International Mineral Processing Congress 
(with exhibition sponsored by British Chemical Plant 
Manufacturers’ Association). 5 p.m. 


The Institution of Engineering Designers 
Aprit 4. At Rutherford College of Technology, 
Northumberland Road, Newcastle-upon-Tyne. “ Engi- 
neering and layout of Chemical Plant,” by R. B. T. 
Hall-Craggs. 7.15 p.m. 


The Fertilizer Society 


March 31. At Geological Society, Burlington House. 
Piccadilly, London, W.1. “Rotary Coolers and 
Driers—some related Aspects of Design,” by S. J. Porter 
and W. G. Mason. 2.30 p.m. 
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N the field of atomic energy, public attention continues to 

be fixed primarily on the nuclear reactor and thermo- 
nuclear energy developments, scant attention being paid to 
the accompanying large chemical processing programmes. 
There are nevertheless, unique, interesting problems to be 
solved on the purely processing side of operations. A recent 
U.S. publication* describes how in that country the challenge 
“has been met head-on” and “solved with the same enthu- 
siasm and despatch.” 

Since the U.S. industry has been conducted on the basis 
of employing private contractors, the role of their Atomic 
Energy Commission often differs from that of its British 
counterpart. In the field of irradiated power fuel processing 
it has two functions: 

1. In view of the fact that chemical processing services 
are not available as a commercial enterprise, the AEC has 
agreed to accept irradiated fuels in unprocessed form. It 
makes financial settlements with reactor operators which 
provide for the chemical treatment of the irradiated elements 
to convert the special nuclear material into the standard 
forms on which credits and fair prices are based (UF, for 
uranium, 235-238 mixtures, metal buttons for plutonium and 
uranyl nitrate for U-233). 

2. In the interest of assisting the establishment of 
chemical processing as a commercial enterprise, the AEC 
has conducted a continuing programme of research and 
development on processing methods and has arranged for 
wide dissemination of technical information as it becomes 
available. 

Since existing AEC plants are based on the aqueous 
method of recovering uranium, thorium and plutonium from 
irradiated fuels, the papers reported in this volume are 
directed to aqueous processing technology and particularly 
the receiving and dissolving steps of the processing cycle, 





CHEMICAL PROCESSING OF IRRADIATED FUELS 


rather than solvent extraction. There are two reasons for 
this area of emphasis. The development work has been 
restricted to the use of installed solvent extraction equipment, 
supporting services and utilities and these solvent extraction 
processes for recovery of uranium and plutonium from 
irradiated fuels have been adequately treated in previous 
meetings and reports. The extensive work done over the 
years within the production complex has been concentrated 
on the more easily dissolved uranium-aluminium type fuels; 
the processes end with nitrate solutions recovered from the 
extraction banks. Development work at AEC laboratories 
has indicated that dissolution methods for the advance fuels 
could be employed which yield dissolver solutions which can 
be handled by known extraction technology. These develop- 
ment leads were used as the bases for the investigation of 
the dissolution processes best suited for coupling with the 
existing extraction processes. There is no material on non- 
aqueous processing schemes. 

In a review of the scope of the programme quoted in this 
document, F. P. BARANOwskKI, Chief of the Chemical Pro- 
cessing Branch, singled out a number of advances made in 
the last two years. They were preparation of the “cask 
acceptance” criteria to be used by the AEC, and selection of 
extremely promising materials for use in dissolvers which 
can contain more than one of the new dissolution agents 
and can be used for either aluminium, zirconium or stainless 
steel clad fuels. A further contribution had been made in 
developing control instrumentation to measure slight increases 
in U-235 quantities in dilute solutions, in the technique 
for making dissolvers geometrically safe from a criticality 
viewpoint by using inserts and in the technique of using 
baskets to remove undissolved material from dissolvers. 


* Chemical Processing of Irradiated Fuels from Power, Test, and Research 
Reactors, United States Atomic Energy Commission, price $4.50. Available 
from Department of Commerce, Washington 25, D.C. 
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3 lines 7s. 6d. (minimum), additional word 6d.— 
Box number 2s. extra. 
For Box Numbers reply to BRITISH CHEMICAL 


ENGINEERING, Drury House, Russell Street, 
Drury Lane, London, W.C.2. 





PARKE, DAVIS & COMPANY, 


offer the following appointments in their 
Chemical Engineering Department: 


(a) SENIOR CHEMICAL ENGINEER- 
Candidates should possess a degree, be a 
Graduate or Associate Member of the 
Institution of Chemical Engineers, and 
have had at least 3 years’ experience in the 
Pharmaceutical or fine chemical industry. 


(b) ASSISTANT CHEMICAL ENGINEER 

Candidates should possess a  degee, 
diploma or H.N.C_ in Chemical Engineer- 
ing, be working for the Institution Exam- 
ination, and have had at least one year's 
experience in the pharmaceutical or fine 
chemical industry. The work involves the 
preparation of flow sheets and planning 
of new plant layouts. 


5-day week. 
Generous salary scale. 

Pension Plan. 

Staff Restaurant. 

PLEASE APPLY IN FIRST INSTANCE TO: 
Personnel Manager, 
Parke, Davis & Company, 

Staines Road, 

Hounslow, Middx, 





invite applications for the positions of 


PROJECT ENGINEERS 


in one or more of the following branches :— 
Gas Cleaning 
Petrochemicals 


Applicants should be in the 25/35 age group with a Mechanical 
or Chemical Engineering degree. 


Employment will be in one of the most modern new office blocks 
in London’s West End where excellent working conditions are 
available with scope for advancement in this American Company. 


Please reply by mail giving full particulars to 


CHEMICAL CONSTRUCTION (G.B.) LIMITED, 


(Subsidiary of Chemical Construction Corporation, New York) 


Gas Reforming 
High Pressure Synthesis 
Heavy Chemicals including Fertilizers 


Managing Director 


9 Henrietta Place, London, W.|! 
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DE HAVILLAND PROPELLERS LTD. 


Makers of advanced Mechanical Electrical and Hydraulic 
Equipment, will shortly appoint a 


SALES ENGINEER 


to represent the Company in connection with 
new developments in flow measurement. 

The Sales Engineer will be based at the 
Company’s Lostock Factory and will cover 
the Midlands and North of England. 























| Responsibilities will include: 
(a) establishing and maintaining close contact 
with users and potential users of the 
Company’s industrial products. 


(b) liaison with Design and Engineering 
Departments regarding specific applica- 
tions. 


Applications are invited from Engineers with 
a wide knowledge of flowmeters, industrial 
instruments and associated electronic equip- 
ment, with previous sales experience of these 
fields. The position is permanent and offers 
great opportunities in an expanding business 
' for a man of enterprise and ambition. 


Please apply in writing, giving full details of 
qualifications, industrial experience, and age to: 


The Personnel Manager (Ref. 324), 
DE HAVILLAND PROPELLERS LIMITED, 
HATFIELD, HERTS. 


































A VACANCY exists for a Chemical Engineer 
attracted to the problems associated with low 


TECHNIGAL "ee teas 
The successful applicant will be required to 





OFFICERS work as part of a team and the appointment 
offers an opportunity to a young but wel qualified 
, Chemical Engineer to enter this expanding field. 

f leadin manufacturer of man-made : 
A leading —— Please write to The Secretary. British Oxygen 


fibres, having a limited number of new 
appointments to fill, will be interested to 
hear from men aged 25/35 who have 
graduated in chemistry, physics. textile 
chemistry or chemical engineering and 
have had some years experience in the 
° chemical and/or textile industries 

The work is connected with improvements FOR SALE 
in manufacturing processes and control 
and offers full scope to clear thinking and 


Research and Develorment Ltd., Deer Park Road, 
London, S.W.19 

















originally minded men with an aptitude for — 
tackling rroduction problems r 

The appointments command four figure Petroleum refinery in full 
salaries plus pension scheme and all other . . . 

P usual benefics. Assistance given with house operation, south of the city of 
removal and housing Antwerp and in the vicinity 
Please apply in confidence with brief per- of the port 
sonal and career details to The Advertiser. 

B.C.E. 81 Description 
1. Site of 14.8 acres whereof 4,784 sy. 
yards, office buildings, workshop, 





storehouse, Pump and control houses, 
rail facilities, etc. 

















MIDLAND SILICONES LTD. require a 2. Petroleum distillation plant of 2,500 | 
Chemistry Graduate, with an interest in Chemical Bbis/day caracity. 
“ Engineering. for the Process Development Group > 
F at Barry, Glam. Duties will concern organic 3. Two steam boilers of 113.8 Ibs./sq. 
reactions at high temperature and pressures, and inch pressure. oil heated. 
other development work in a rapidly growing 4. Six steam heated redistillation stills. 
group Candidates. preferably aged under 30. < arnt 
should be qualified in Chemistry to degree level. 5. Sulfuric acid treating facilities. 
and possess at least 2 years’ experience in pilot 6. Complete butane recovery equipment, 
or production plant operation This is a new including tankage. compressor, dis- 
post in an expanding department for which new tillation tower and accessories. 
laboratories and pilot rlant have been constructed 7. 30 a ; | 
, The Company operates a non-contributory Pen- ° a, Fg a a of 
sion Scheme and House Purchase facilities are fac : a ; pumping 
acilities. 
available 
’ Please write for detailed form of application to 8. Complete loading rack for tank cars 
the Staff Officer (Ref. 619), Albright & Wilson and trucks. 
(Mfg.) Ltd. (with whom Midland Silicones is asso- Write to Box BCE 82. 
ciated) P.O. Box 3, Oldbury, Birmingham. oo _— 











FOR SALE 


LOCOMOTIVE (Diesel Shunting) by Hudsw || 
Clarke, delivered 1957. 128 B.H.P. Type 0-4.), 
4 ft. 8+ in. gauge. All flameproof constructic 0, 
Little used. Offered for sale at considerably 
low cost. Box B.C.E. 80. 


SERVICE 


SHOTBLASTING, METAL SPRAYING, 
COATING. Epikote. Araldite, P.T.F.E., 
P.T.F.C.E., Polythene, P.V.C.. Neoprene and 
Hypaion coatings applied on SITE or at WORKS 
LOYNE LIMITED. Margaret Street, Ashton- 
under-Lyne, Lancs. Tel. No. ASH 4551/2/3. 


REPRESENTATIVES 


WANTED. Representative for correspondence 
abroad, high earnings, instructions in writing. 
Write Fortuna Publishing Co., Vienna 1/8, Post- 
fach 49. 


TUITION 


A.M.LCHEM.E. More than one-third of the 
successful candidates since 1944 have been trained 
by T.1.G.B. All seeking quick promotion in the 
Chemical and Allied Industries should send for 
the T.1.G.B. Prospectus. 100 pages of expert 
advice, details of Guaranteed Home Study Courses 
for A.M.1.Chem.E., B.Sc.Eng.. A.M.1.Mech.E., 
A.M.1.Prod.E.. C. and G., etc.. a wide range of 
Diploma Courses in most branches of Engineering. 
Send for your copy today—FREE T.1.G.B. (Dept. 
43), 29 Wright's Lane, London, W.8. 





SELL US YOUR 
SURPLUS 
STAINLESS STEEL 


SHEETS - PLATES - BARS - TUBES 
SECTIONS - STRIPS - BLANKS - OFFCUTS 


* top prices paid 
* offers by return or our 
buyer will call 
* prompt collection and 
payment 
STAINLESS 
RECOVERIES LTD 


Dover Road - Trading Estate - Slough - Bucks 
Telephone : Slough 24622 
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ADVERTISEMENTS 


for the next issue 
can be accepted 
up to first post 
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Promoting Safety 


LTHOUGH the chemical industries have a good record 

of achievement in reducing accident rates, during the 
quarter ending September 30, 1959, they had, nevertheless, 
three accidental deaths and 2395 notifiable accidents—each 
one in some degree a human tragedy. 

Trends of the last few years have been encouraging. 
For 1958 the accident frequency rate (the number of lost- 
time accidents per 100,000 man-hours worked) for all 
industry was 1.568; in the previous year the comparable 
figure had been 1.625 and in 1956, 1.733. The Ministry of 
Labour publish a breakdown of these figures by sections of 
industry, but the last composite index for the chemical group 
was given by Sir George Barnett, then H.M. Chief Inspector 
of Factories, at an S.C.I. Conference in 1957. When the 
overall figure for industry was 1.73, that for the chemical 
industry was 1.43. Individual firms do much better than 
this. Imperial Chemical Industries Ltd., for example, report 
a figure of 0.45 for 1958, and Monsanto Ltd. 0.2. What has 
contributed to this trend and can it be carried further? 

There is certainly an increasing interest in what may be 
called “conventional” safety studies and measures—the ones 
that have led to these encouraging figures. We understand 
that the Association of British Chemical Manufacturers is 
receiving evidence of growing attention to safety, 
particularly among smaller firms. Then there are the 
relevant conferences, such as that to be held in Man- 
chester from March 29 to 31 by the Institution of 
Chemical Engineers (North-western Branch). This will hear 
several papers on explosion hazards and some on plant for 
dangerous materials, one specifically on handling hydro- 
fluoric acid. On Fire Protection a conference was last month 
addressed by the Home Secretary, Mr. R. A. Butler. 

Published material on safety has increased and in the 
last few months information services have been more than 
improved—they have been transformed. Activities of the 
International Occupational Safety and Health Information 
Centre will ensure that information flows freely between 
those working in safety in many lands. Since January of 
this year the Centre has been offering a service of classified 
information on standardised cards directly ready for filing. 
Every type of industrial activity is covered and all aspects 
of occupational safety and health. The British end is handled 
by the Royal Society for the Prevention of Accidents. For 
the chemical industry a series of publications has been 
issued by the British Chemical Industry Safety Council. 

All this is valuable background. And if you go on to ask 
successful safety officers to suggest a reason for the 
improvement in their own firms, there is a frequent, common 
theme in their answers. They have steadily continued 
to press ahead with promoting safety-consciousness at all 
levels in the industry for several decades and have been 
backed by top management. An important component of 
this work has been to emphasise that safety should be 
built into plant at the design stage, so that emphasis is not 
separately on designing for production or safety but 
throughout the project on making chemicals safely. The 
complement of it is running good training schemes for opera- 
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tors and paying careful attention to selection wherever pos- 
sible. 

Yet after everything possible has been done in respect 
of training men and preventing leakage of toxic materials, 
dealing with explosion risks, shielding against ionising radia- 
tion, providing good stairways and the like, there are still 
incidents such as men falling off ladders during maintenance 
work or having material dropped on them. In the analysis 
of causes, the largest single category is still liable to be 
that of “human failing”. How can this be minimised? Do 
posters help? Are there accident-prone people or, as many 
now believe, accident-prone days? 

A number of studies along these lines have been pub- 
lished by S. Laner, of the British Iron and Steel Research 
Association, based largely on the view that effective acci- 
dent prevention goes beyond mechanical protection of the 
machine or worker on the one hand, and propaganda or 
exhortation on the other. A striking set of statistical relation- 
ships has confirmed the “common-sense” view that selection, 
placement, induction and training all play a part. But 
the findings went beyond this. The investigators’ hunch was 
that light might be cast on the nature and significance of 
accidents by relating them to other events in a worker’s 
industrial life and regarding them as aspects of the social 
“climate” within the works. For example, comparisons were 
made between those who stayed with a company more than 
four years and those who left. Over the same period of 
exposure the leavers had about half as many accidents again 
as the stayers. As a further instance the relationship between 
the accident record and the “no reason” absence record 
was tested for the 289 stayers. It was found that of the 
150 individuals who had any “no reason” absences in the 
first six months of their service, 38% sustained accidents. 
Of the 139 who had no unexplained absences during that 
period, only 23% sustained accidents. This suggests the 
possibility of predicting which of the new entrants is likely 
to suffer accidents by studying his “no reason” absence 
record during his first six months with the firm. Somewhat 
comparable conclusions were reached by Sir Andrew Bryan 
in 1951 in examining accidents in pits. The evidence did, 
in fact, appear to support Freud’s hypothesis that an acci- 
dent is partly an expression of a sub-conscious desire to 
get out of an unacceptable situation. 

It is interesting to note how this work links up with con- 
clusions of a much wider study by Carter and Williams 
(Industry and Technical Progress, O.U.P., 1957). They dis- 
covered that firms good at applying science and technology 
were also “progressive”, judged by several other criteria— 
such as quality of management, rapid replacement of 
machines and so on. Attention to safety was not directly 
mentioned. Nevertheless, the theme of an industrial firm as 
an organic whole with a social climate affecting all develop- 
ment within it is evidently allied to those we have mentioned. 

Is it possible that next stages in accident prevention 
will be much more concerned with what may be loosely 
called morale? For it looks as though the happiest works 
are likely to be the safest works. 
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STEADY-STATE HEAT 


HYDRAULIC ANALOGUE FOR STUDYING 






EXCHANGERS 


Design of steady-state heat exchangers is illustrated by two 
worked examples, one being athree-stream low-temperature unit 


by J. PROCHAZKA, J. LANDAU, G. STANDART* 


UHASZ and Hooper’ showed how to set up a simple 

and inexpensive hydraulic analogue to a parallel-flow 
heat exchanger (Fig. la). We shall present similar analogues 
for counter-. and mixed-flow*~ exchangers. 

First let us review the operation of their analogue,’ * 
which consists of two vertical glass tubes of uniform bore 
connected at the bottom by a capillary (see Fig. Ic). The 
height of liquid in a tube at a given instant corresponds to 
the temperature of a stream of fluid at the analogous point 
in the exchanger. The temperature difference between two 
streams, which is the heat-transfer driving force through 
the surface, has its analogue in the difference of heights of 
liquid in the corresponding tubes, which is the driving 
force for liquid flow through the capillary. Further, the 
volume of liquid passing through the capillary is the 
analogue of the heat flowing through the heat-transfer 
surface. Mathematically, the heat-transfer equations for 
the insulated exchanger are: 

—cG; d9; = aK(®; — 92) dl = aGidd®, ....(1) 
where c denotes heat capacity and G the mass flow-rate of a 
stream of temperature 9, a represents the heat-transfer sur- 
face per unit length / and K is the overall heat-transfer 
coefficient and where the index | refers to the hotter stream 
and 2 to the colder while for the analogue the hydraulic 
equations are: 

—§, dz = F(a — z) dt = S$: dzz ye 
where S is the cross-section of the tube at the liquid height 
z, t is time and F is the conductance of the capillary (the 
analogue of aK). The similarity conditions between tempera- 
ture and height and between length and time 

@ = ngzand/ = mt oe 
of 7n 4, 


are automatically fulfilled for an arbitrary value 
while for m we must have 

n> (F /aK\(ciGi/ S$) = (F /aK)(cxG2/S2) eee (4) 
ie., F/aK and cG/S should be constant for a given 


analogue. 
The integral of Equation (1) over the entire length of the 
exchanger is 
aGi(Ou — 91) = eGAPr — 92x) asoulee 
where subscript o denotes the outlet and subscript i the 
inlet conditions, while for Equation (2) similarly 
Si(z1i — Zio) = S2(Z20 — 22) saan ee 





* Department of Chemical Engineering, Institute of Chemical Technology, 
Prague, 6, Czechoslovakia. 
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TABLE I 
©: K om F. 10° F. 10° a 
keal/m* hr °C mm m*/hr m*/hr 
61 197 344 1.06 1.15 2 
77.5 232 410 1.24 1.31 63 
93.5 257 474 1.38 1.43 57 
110 275 540 1.47 1.50 $3.5 
126 288 604 1.54 1.58 $1 
142 300 668 1.61 
TABLE Il 
Water Viscosity t, sec Deviation 
Temperature, cP % 
co found recalculated 
to 20°C 
21.8 0.963 719 745 ——— 1 
22.0 0.958 724 755 1.1 
22.0 0.958 725 756 1.2 
21.9 721 750 0.4 
21.8 0.963 721 748 0.1 























In operating the analogue we set the initial difference of 
liquid heights in the tubes to correspond to the temperature 
difference at the left end of the exchanger (by choosing a 
suitable value of ng ). On opening the valve in the connecting 
tube, we measure the time necessary to attain the difference 
of heights corresponding to the temperature difference at the 
other end of the exchanger. From the measured value of 
F/S, or F/S: and the calculated value of «G.i/aK or 
c2xG2/aK, we find m and hence the necessary length or sur- 
face of the exchanger. This procedure can easily be modified 
for cases where other data (e.g., the surface) are known and 
similar procedures are employed with the analogues dis- 
cussed below. 

For the insulated counter-flow exchanger (see Fig. 2a) 

—ciG; d®; = aK(®; — 92) dl = — oG2d®@. ....(7) 
The change of sign of d®, corresponds to the change of 
direction of flow of the colder stream. The integral is again 
given by Equation (5). The corresponding hydraulic equa- 


tions are 

—§, dzi = F(z: — z) dt = — S:dze aie ae 
and Equation (6). Here the liquid level in the second tube 
must fall as liquid flows into it from the first tube. The 
hydraulic analogue shown in Fig. 3 can satisfy this require- 
ment.2 The connection between the capillary and the 
second tube is now made by a stationary siphon of outer 
cross-section S,. Further, the second tube has two cylin- 
drical sections of uniform area: the upper of outer cross- 
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section S’2 and the lower, and larger, of inner cross-section 
§”.. This tube is weighted and freely floats in a liquid of 
density p» in a vessel of inner cross-section S,. For the 
special case where S’: <S», Ss < S’2 and p, = p, the liquid 
density in the tubes, we take S: = S”2 = 2S’2, Then when 
liquid is added to the second tube its additional displace- 
ment equals the volume of liquid added. Hence, this tube 
will sink twice as fast as it fills, so that Equation (8) is ful- 
filled. For the general case it can be shown® that the equiva- 
lent cross-section of the floating tube is given by 


(S, —Ss) Is: a PyS’ Sy = Pp oSy 
= o(S,—-S’)} — e(Sy—S") 





s, - + (9) 


Sometimes it is convenient to start from the other end of 

the exchanger. For the counter-flow case we then have 

aGi de, = aK(®, —_ ®.) df = c2G2 de, eees (10) 
where /’ is distance measured from the right end of the 
exchanger. Similarly the hydraulic equations become 

Si dzi = F(z — z2) dt = S: dze neal 

Here, as liquid flows out of the tubel, the liquid level in it 
must rise so that the analogue is set up as in Fig. 4, with 1 
a floating tube. For the concurrent case a parallel treat 
ment leads to the arrangement shown in Fig. 5 with two 
floating tubes. 

More complicated exchangers are handled by a com- 
bination of fixed and floating tubes. Thus the 1-2 ex- 
changer shown in Fig. 6a is described by the relations 
OG: d9’, = a’K’(®, — 92) dl, 


—OGe de”; = a’ K’”(®; = 8”2) eee (12) 
and 
aGi dO, = o2G(d9’2 os d0”.) 
= [a K’(9; — 982) + a’K”(9; — 8”2)] dl... . (13) 
with the integral 
Gi: _ ®1.) = C2G (Pom = Qo; — (92m = ®.,)) 
= G98» — 9.) ....(14) 


(see Fig. 6b) with corresponding equations for the hydraulic 
model which takes the form shown in Fig. 7. Here, as 
liquid flows into tube 2’, its level is to rise, so a fixed 
tube is used; as liquid flows out of tube 1, its level is to 
rise, so a floating tube is employed, while for tube 2” as 
liquid flows into or out of it its level is to fall or rise, 
respectively, so that a floating tube is used here also. The 
measurement is commenced by setting the liquid heights 
to correspond to the temperatures at the left end of the 
exchanger and is completed by noting the time required to 
equalise the liquid levels in the tubes 2’ and 2” (point m 
on Fig. 6b). 

Had we measured distances from the right end of this 1-2 
exchanger, we would have encountered the difficulty that 
we do not know the common temperature, 92», and hence 
the common height, Zom, and so we could not have started 
the experiment. We would have had to use a trial and error 
approach to find the correct value to give the known outlet 
temperatures at the other end. Such a trial and error solution 
is unavoidable in many cases, e.g., if only two temperatures 
are given at the left end of the exchanger (and none at the 
right) but we know the surface area. This difficulty will 
also arise with more complicated exchangers, e.g., a 1-4 
exchanger (these problems are discussed in detail in our 
papers” *). In all such cases the basic question is whether 
the solution by analogue is quicker than an evaluation of the 
analytical solution, assuming one to exist for the exchanger 





in question. If a diagram giving, for example, the correc- 
tion to the log mean temperature difference is available for 
the case considered, this approach is naturally quicker. 
Even for fairly simple exchangers, however, when it is 
necessary numerically to evaluate the analytical solution, 
the analogue is usually at least competitive and is definitely 
superior where trial and error numerical solutions are also 
required. (Cf. Example 2 below.) 

Our analogue shows to even greater advantage in cases 
where the usual simplifying assumptions are not valid, that 
is, where the exchanger is not perfectly insulated, and where 
the spcific heats and heat-transfer coefficients are not 
constant. 


Where we have heat or cold losses the (constant tempera- 
ture) surroundings are represented by a stationary tube 
with a constant level overflow (§ —» ©), which is con- 
nected by a capillary of suitable conductance to the tube 
representing the shell side fluid. Such a constant-level tube 
can also be used to represent a condensing vapour or 
boiling liquid. Thus Fig. 8 shows the case of a counter- 
current cooler-condenser where in the analogue we use 
the stationary tube la to represent the super-treated vapours 
until the level falls to z:-, corresponding to their condensation 
temperature, when we switch to the constant-level tube 
Sv» = S, 

In case the heat capacity of a stream varies significantly 
with its temperature, the corresponding cross-section of 
the tube must vary analogously with the height of liquid in 
it. As Juhasz and Hooper suggest,’ this variation can be 
achieved by fixing a rod .of variable cross-section in the 
tube or in the outer vessel V (Fig. 3) of the floating tube 
unit. In the case of a fixed tube, the same effect can be 
achieved even more simply by tilting the tube from the 
vertical.’ Now the effective cross-section of the tube varies 
inversely as the cosine of the angle of tilt. When tilting the 
tube, the liquid flow must first be stopped and the liquid 
level finally adjusted to its previous value. Thus only a 
step-wise change of cross-section is practically possible, but 
the error introduced can easily be made quite negligible with 
only a small number of tilts. 

We also use immersed rods and tilting to achieve “fine 
adjustment” of the cross-sections of the tubes so that we 
can obtain any desired value of § with only a small number 
of fixed and floating tubes. By raising the density of the 
liquid in the outer vessel we can further increase the flexi- 
bility of a floating tube [cf. Equation (9) ]. (See papers* ‘ 
for a full discussion.) 

Also of great importance is the case of variable K. As 
Equation (4) indicates, if the heat-transfer coefficient varies, 
the conductance of the capillary must vary analogously. 
Just as for a fixed capillary, the flow-rate through such a 
variable capillary must be accurately proportional to the 
pressure drop across it at every setting to be employed 
and, further, the dependence of the conductance on setting 
must be precisely reproducible. The linearity of the capillary is 
ensured by having a sufficiently high ratio of length to diameter. 

We have developed a practical, continuously variable 
capillary (see Fig. 9) which can also be employed in other 
hydraulic instruments.6 The conductance is changed by 
varying the effective length of the capillary by rotating 
the disc c. Two interrupted capillary grooves 1 were milled 
in the stationary disc « which also carries the inlet and 


TABLE Ill—Measured Values 





























First Part Second Part 
Approximation i) t= 4% taf Ar 
antgffh & z” cat x nm. & Be Ts; ™, + T; 20.2° 
a mm sec mm sec sec sec sec 
I — 130 | 427 280 313 560 421 443 586 427 288 310 498 365 385 321 907 19.3 888 — 1172 
2 — 150 | 427 340 373 560 485.5 500 1109 427 352.5 367 558 485 496 | 1070 2179 18.8 2010 + 40 
3 — 148 | 427 334 367 560 479 494.5 1006 430 349 364.5 555 475 488 915 1921 19.4 1890 — 170 
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outlet tubes 3 and 4, a bridge hole 5 was drilled in the 
rotable disc c, these discs were then lapped together and 
in use pressed together by the spring 6. Liquid enters at 3 
and passes to the inner capillary through the milled-out 
section 2, crosses to the outer capillary through 5 reversing 
its flow direction and leaves at 4. As the viscosity of liquids 
varies rapidly with the temperature, it is necessary either 
to thermostat the capillary or to measure its temperature 
during the experiment and to correct the conductance, or 
what comes to the same thing, the elapsed time, to a stan- 
dard temperature. We chose the second procedure using 
20.2°C as the standard temperature, and measured the 
capillary temperature by a thermometer inserted in a 
well drilled in the stationary disc (not shown). ° 

The capillary was calibrated by measuring the liquid 
flow-rate through it under a constant difference of liquid 
levels given by two constant-level overflow tubes. The 
resistance of the capillary (1/F) at the standard tempera- 
ture should be a linear function of the angle of rotation 
of the disc «. Actually (see Fig. 10) this is true only for 
settings greater than about 60 degrees, as the capillary 
is so short for smaller angles that the resistance then also 
depends on the difference of liquid levels (non-linear effects) 
as indicated by the dotted lines on the figure. The circles 
represent the means of five: measurements each. The mean 
error of the average ranges from +0.7% for the maximum 
length of the capillary (350 degrees) to +1.3% at its 
smallest usable length (60 degrees). The range of the capil- 
lary is thus about 6 and its precision is more than adequate 
for heat-exchanger calculations. It is necessary to work 
with filtered, degassed water, since suspended particles or 
evolved gas bubbles can cause large errors. These variable 
capillaries are also useful in complex problems even if the 
Ks are constant, as we can set the ratios of the conductivities 
to equal the ratio of the Ks. For this purpose it is fre- 
quently necessary to have a variable capillary with a high 
resistance, as can easily be realised by using four capillary 
grooves and two bridge holes.‘ 

Example 1: Consider a counter-current heat exchanger 
in which a hot oil (G: = 900 kg/hr) is cooled by a cold 
oil (G2 = 2920 kg/hr), c: = co = 0.6 kcal/kg°C. Pairs of 
values of the stream temperatures at various sections of 
the exchanger as determined by partial heat balances are 
given together with the resultant value of the local overall 
heat-transfer coefficient : 
oe ee - 33 =. & 45 Ss 3S ©@ 
a ee oul 61 77.5 93.5 110 126 142 
K, kcal/m*/hr/°C 197 232 257 275 288 300 

The required area of the exchanger is to be determined. 

(a) Computational solution: The calculation is carried out 
by a graphical integration of the relation 

62 
d®, 
f ‘be OCs j K(9,—9,) 
Ox 

The result is f = 3.55 m?. 

(b) Analogue solution: c:G:/cxG2 = 900/2920 = 0.309 = 
S:i/S2, We took S; = 1.695 cm? (+2%), S2 = 2.71 cm?, 
S$”. = 6.50 cm? (+0.8%), S. = 46.2cm’, S, = 0.33 cm’, so 
S: = S,/0.309 = 5.49cm*, and p,./p=1 [Equation (9)]. 
Water was used in the tubes and in the vessel. The floating 
tube sections were each 190 mm long and ny, was taken as 
0.25% /mm. We used the area modulus n; (=2m) 


Fe,G, F  0.6.900 aa 
KS, ~~ K* 1.695.104 ~ 219-10 —& mh, 
in the calculations. For K = 300 kcal/m* hr °C we chose 
F = 1.61.10 m*/hr so that ny = 17.1 m*/hr. The other 
values of F are shown in Table I together with other 
pertinent data: 

The F values are the arithmetic means of the F values at 
the beginning and end of each interval. Thus, essentially, 


w= 
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Fig. 9. Capillary with variable conductance. 
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we divided the exchanger into five sections, each of which 
was solved with a constant mean K corresponding to the 
F shown. The mean conductance of the capillary was shified 
according to the value of z:. At 20.2°C the time measured 
on the analogue should be ¢ = f/n; = 3.55 . 3600/17.1 = 
747 sec. The measured values were in very good agreement 
with this prediction. 

In more complicated exchangers involving three or more 
streams at a section where it is not possible to determine their 
temperatures by partial heat balances, the calculation of K 
as a function of the temperature of any one stream is trial 
and error. Suitable procedures are outlined in our papers.” ‘ 

The above problem was solved on an improvised instru- 
ment. We then constructed a universal hydraulic analogue 
(see Fig. 11) to permit setting up models of a wide variety 
of exchangers. The levelling screws (1) are used to adjust 
the position of the horizontal bars (2 and 3) and the vertical 
scale (6), which rides on them and in turn carries the catheto- 
meter (4) and telescope (5) for observing the liquid levels, 
Two fixed tubes (7) are provided, which can be inclined to 
the rear, as well as two floating tubes (8), which are centred 
in the cylinders (9) by the guide rings (12). The siphons (10) 
extend into these tubes and are held in the clamps (11). 
Finally, the two overflow constant-level tubes (13) can be 
clamped anywhere along vertical slots in the frame. In the 
lower part of the frame is a system of three-way cocks and 
connecting tubing which makes it possible to connect any 
tube through a capillary with the remaining tubes. This 
system also enables one to add water from a supply tank 
to any part of the instrument and to connect any part 
with vacuum. The instrument can thus be easily filled and 
vented. Four variable capillaries (14) (one of*high resistance) 
are located at the bottom of the instrument and their tem- 
peratures are measured by the thermometers (15). The 
choice of the ranges and dimensions of the capillaries and 
tubes is discussed in the papers.® * 

All the exchangers considered here can easily be solved 
on this universal analogue as well as a number of more 
complicated cases.* Its utility and accuracy will be sufficiently 
demonstrated by the following example: 

Example 2: In a heat exchanger consisting of a bundle 
of concentric tubes (see Fig. 12), air flowing in the annulus 
(G = 1000 kg/hr) is cooled by oxygen which flows in the 
smaller tubes (G’ = 245 kg/hr) and by nitrogen which flows 
in the space outside the tubes (G” = 755 kg/hr). (Symbols 
without primes refer to air; with one prime to oxygen and 
with two primes to nitrogen.) The following are given: 
entrance temperature of air 0; = —62°C, of oxygen 9; = 
— 179°C, and of nitrogen 0”; = — 168°C. The specific heats 
are C = 0.242, C’ = 0.220 and C” = 0.251, all in kcal/kg 
°C. The heat-transfer coefficient between air and oxygen 
is K’ = 40 kcal/m* hr °C and that between air and nitro 
gen is K” = 50 kcal/m?* hr °C. The inner tube diameter is 
10 mm, that of the outer 30 mm. The number of tubes is 
50 and their length is 3 m. The air flows counter-currently 
to the nitrogen and oxygen. It is necessary to find the exit 
temperatures of the streams. 

(a) Analytical solution:’ The stream temperatures can be 
obtained by solution of the system of equations 








@ = A+ Bex + Devs, . (15) 
k’ : 
e’ = —— Bex + —— Wx, . . (16) 
wait k’—8 » k'—y - 
k” :; k” 
e” —_ + Bfy aed Dex, eevee (17) 
A —s Be —y 
where A = 9;—(B+ D) (f:=part area of exchanger) ... . (18) 





re = (2-3 sen 
YyY—k)di-—ev) (v—k)(l—e”%) 
; fr B—k(l—e¥)  y—k’ b— ri — *)) 
~ \B—R y—kKU—e7) BK yy — kK) 
2 (19) 































































(83—k)@;—9/) G—k KO, — ty 
8—k(l —e*) B—k(l — ee”) 
(2 k’ y—k'(l—e*%) f- kK” y—k(li—e*) 
y—k'*B—kil eS) y—k’*B—k(1 —e*) 
.. + (20) 
and k’ = K’f'/G’f, RY = K*f*/G"f, 
a[{ 1 — ('G'/cG) Sk’ + {1 — (CG /cG) Sk" ] + sate 
['G’ + 'G%)/cG — 1 }k'k’ 
Hl — (c'G'/eG)k’ + (1 — (€"G"/eG))k” }"] 
eee 
where the + sign refers to 8 and the — to y. In the given 
case: total area f = 18.8 m’, area between air and oxygen 
f = 4.71 m’, area between air and nitrogen f” = 14.1 m*, 
cG = 242 kcal/hr/°C, c’G’ = 53.9kcal/hr/°C, c”G” = 
190 kcal/hr/°C, k’ = 0.1859, k” = 0.1974, 8 = 0.18844. if 
y = —0.00152, B= 2.931.10-°, D = 3083, A = —3145. 
After substitution into Equations (15) to (17), we get 
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© = — 3145 + 2.931 . 10-* ex + 3083 e%x, J ] 

@’ = — 3145 — 0.2145 ex + 3058 ex, ¥ 100 200 e 
eae B 

@”= — 3145 + 0.0646 ex + 3060 ex. Fig. 10. Dependence of the resistance of the capil- 


For fe = f, 9 = —149°C, and for f, = 0, 8, = —87°C, lary on the angle of rotation of the disc. 
@”, = —85°C. As a check we calculate for f. = f, 9; = 
—180°C instead of the given —179°C. 

(b) Solution by analogue: The air stream was represented 
by a floating tube and the remaining two streams by fixed 
tubes. The floating tube chosen has an equivalent cross- 
section § = 3.91cm’* and floated in water. Thus S’ = 
0.871 cm? and S” = 3.07 cm*, A fixed tube with a cross- 
section of 0.715 cm? (cosine of tilt = 0.820) was used for 
oxygen and the nitrogen stream was represented by a tube 
of cross-section 3.00cm* (cosine of tilt = 0.977). The 
modulus m is given by Equation (4) 

yr 6 6E€e FF"  ¢€&o" 


eo; a ie 














a by ca: 
Hence 
F’ a , 
— = —, = 0.266 
F’ a’ K” } 


The values chosen were F’ = 0.532.10-* and thus F” = 
2.10-* when m = 5.25 m/hr. The duration of the experi- 
ment should thus be 2060 sec. (at 20.2°C). Suitable capillaries 
were used and the appropriate conductances set on them. 
mg was chosen to be 1/3°C/mm. With the given size of the 
equipment, it was necessary to divide the calculation into 
two approximately equal parts and to reset the levels. 

The calculation was carried out by trial and error, start- 
ing at the end where oxygen and nitrogen enter. The exit 
temperature of the air, 9,, was assumed and the time 
required for attaining the level z; corresponding to the 
given entrance temperature of the air was compared with 
the known value. The values of 9, for the successive 
approximations are given in the following table together 
with the heights of the liquid levels in the various tubes 
\ at the beginning and end of both parts and the elapsed times. A 
If we take the second approximation as correct, the un- 
known temperatures are: ®, = —150°C, 9’, = —86°C, AIR 0, 


0”, = —83°C. The accuracy of the calculation on the 
analogue is very near that of the numerical evaluation of Gas \—(1 ee » : 
Ni, 








Fig. 11. Universal hydraulic heat-exchanger analogue. 








the analytical solution with normal tables. 
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Fig. 12. Exchanger with three streams. 
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- POWER RECOVERY IN A NITRIC 


N modern plants for the manufacture of nitric acid 
a ale is oxidised on a noble metal catalyst at high 
efficiency and the energy requirements of the process are 
minimised by making use of the heat of reaction. Energy 
may be recovered by raising steam in a waste heat boiler, 
by producing power from a gas stream in a gas turbine, or 
both, and descriptions of recent plants employing these 
techniques have been given in the technical literature. 

The present article describes a relatively simple adapta- 
tion of a gas turbine to an existing nitric acid plant giving 
a moderate degree of power recovery. Other schemes giving 
higher recoveries, or even auto-thermic operation, were con- 
sidered, but were rejected either as being too expensive 
in capital cost or too complicated for installation in the 
existing plant at minimum interference with production. 

The nitric acid plant was a standard du Pont type pressure 
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ACID PLANT 


unit with a converter operating at 105 psig and 900°C, air 
being supplied by an electrically-driven reciprocating com- 
pressor. The primary air is preheated to 320°C by heat 
exchange with the converted gases, which are then cooled 
before absorption, as shown in Fig. la. The air preheater 
is a stainless-steel tube and shell exchanger with a total 
surface of 200 sq. ft, each of the 1-in. tubes being fixed at 
the hot-end tube plate and sliding in a packed gland at the 
cold-end tube plate. This arrangement gives, in practice, 
some leakage at the glands, but this is of little consequence, 
since the air in the shell is at the higher pressure and leaks 
into the nitrous gas stream, to which a supply of additional 
secondary air has in any case to be added later in the 
process. The final stack gases leaving the absorption column 
at 90 psig are blown to atmosphere directly. 


Gas Turbine in Energy Recovery Scheme 
The scheme chosen for power recovery was to reheat 
these stack gases by further heat exchange with the con- 





How improved economy was obtained by means of a new heat 


exchanger circuit and a gas turbine 


by F. BARCLAY, A.M.I.Mech.E. and J. G. SLOAN, B.Sc. 


verted gas and to recover the energy thus transferred by 
expanding the hot stack gases through a gas turbine which 
would drive an alternator and thereby produce electrical 
energy, reducing the net power demand of the process. 

The new heat exchanger system is shown in Fib. 1b, and 
was designed to reheat the stack gases from the absorption 
system to a temperature of 660°C and at the same time to 
preheat the primary air to 320°C as before. Nos. 1 and 3 
heat exchangers preheat the tail gas and No. 2 preheats 
the air. The operating conditions are shown in the flowsheet 
and the detailed design of the unit is given later. 

Tail gas leaves the absorption system at about 30°C 
saturated with water vapour and any fall in temperature in 
the gas lines leading to the heat exchangers would cause 
deposition of weak nitric acid. This acid carried forward to 
the heat exchanger would finally boil on hot surfaces, caus- 
ing corrosion, and to prevent this the gas lines after the 
absorber are fitted with a simple jacket heater and also a 
droplet separator, so that they finally enter the heat ex- 


changers at 50°C. The reheated gases are thus available at 
660°C and up to 90 psig for expansion in the gas turbine. 


Heat Exchangers 

The three heat exchangers were designed by the Nobel 
Division of Imperial Chemical Industries Ltd. and manu- 
factured by Head Wrightson, and all three are of generally 
similar construction, the hotter gas stream (nitrous gases 
from the converter) being within the tubes. The consider- 
able thermal expansion involved poses problems of design 
and layout and the most arduous conditions exist at No. 1 
exchanger. Here the tube-side nitrous gas is at a higher 
pressure than the shell-side stack gas and any leakage would 
be a direct loss of concentrated gas and so a loss in plant 
yield. Hence, the old-style air preheater design with glanded 
tubes was replaced by a floating head construction. 

At the hot end of No. 1 exchanger the tube-side gas is 
at 880°C and the shell-side at 660°C with a mean tube-plate 
temperature of 770°C, and the design aims at a high degree 
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Fig. 3. Control and lubricating oil system of gas turbine. 


of creep resistance, There are 76 18/8/Ti stainless-steel tubes 
I} in. o.d. X 22 ft 6 in. long and the hot-end tube plate, 
into which the tubes are expanded and welded, is a 3-in.- 
thick centrifugal casting in 18/10/Mo/Nb steel, the tubes 
being arranged on triangular pitch. There is radiation pro- 
tection for this tube plate and the tube ends in the form 
of false-tube plates and tube ferrules. The 174-in. diam. 
shell, which couples directly to the existing converter, and 
the floating head are in 18/8/Ti; there are four segmental 
shell-side baffles. The linear expansion of the tube bundle, 
from cold to normal conditions, is 44 in.; the shell similarly 
expands 2} in. 

The rate of heat transfer in No. 1 exchanger is 1.8 X 10° 
Chu/hr and the overall heat-transfer coefficient 17 Chu/hr 

°C, the exchanger having 370 sq. ft of surface. 

The floating head is sealed by a stuffing box using 1} in. 
sq. mica-impregnated’ blue asbestos packing. Originally an 
air-sealed lantern ring was incorporated, but this has proved 
unnecessary and has-been removed. Freedom from leaks 
at the stuffing box, and in the system generally, depends on 
accurate alignment of the exchangers; Nos. 1 and 2 are 
built in line with the converter, the floating head of No. 1 
coupling to the hot end of No. 2 through a sliding joint 
(see Fig. 4). P 
Turbine 

Reheated tail gas, at 660°C and 90 psig, is expanded 
through a three-stage, axial-flow-type turbine, which is 
coupled through a reduction gearbox to an alternator. The 
speed of the turbine is 27,900 rpm and the alternator 1500 
rpm. The set is capable of developing a maximum con- 
tinuous rated output of 600 kW, and was designed and 
constructed by W. H. Allen, Sons & Co. 

Since the gas supplied to the turbine contains a small 
amount of nitric acid, all parts in contact with the gas are in 
corrosion-resistant materials. A section through the machine 
is shown in Fig. 3. The turbine is of very light weight design 
and extremely compact. The dimensions over the blades of 
the rotor wheels are 7} in. diam., 8 in. diam. and 9 in. diam. 
and the length between bearings 12} in. The three rotor 
wheels are made of Jessops H.46 Ferritic steel and the shaft 
ends are Firth Brown’s Nitralloy G.K.3 nitrided at the 
journals and thrust bearing surfaces. The complete rotor 
assembly is clamped together by a central tie bolt. The shaft 


250 





Fig. 4. A 



























Fig. 5. The turbine and alternator set in the power 


section of the plant showing the heat 
exchangers and interconnecting pipelines which are 
an essential part of the system. 
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ends and rotors are connected by Hirth couplings. The cen- 
tral tie bolt is manufactured of stainless steel to specification 
2880 and is heat treated to give a tensile strength within the 
range 55-65 tsi. 

The rotor and stator blades are of aerofoil section and 
each is machined integral with its spacer and shroud from 
Nimonic 80A alloy. The outer turbine casing and diffuser 
are fabricated of Staybrite F.D.P., whilst the inner casing is 
Nimonic 75 alloy. The térbine bearings are of the sleeve 
type made of mild steel lined with lead bronze. They are 
lubricated and cooled by a supply of oil under a pressure of 
30 psig. 

Compressed air is used to seal the shaft gland and to 
cool the faces of the three rotors; it is supplied to the inlet 
end of the machine at a temperature of 120°C to minimise 
differential temperature stresses. Leakage outward past 
the shaft baffles is bled to atmosphere at a back pressure of 
5 psi. The exhaust-end gland is sealed by 5 psi air, which 
also serves to cool the outlet face of the third-stage rotor. 

A gear-type oil pump driven from the main turbine shaft 
delivers oil at 35 psig for bearing and gear-tooth lubrication 
and also control oil for the automatic trip system. A motor- 
driven auxiliary oil pump is provided. The reduction gear- 
box between the turbine and alternator is of the Allen- 
Stoeckicht double helical epicyclic type (see Fig. 5). 


Alternator 

The generated voltage is 415 V, 3-phase, 50 cycles, which 
is immediately transformed up to 11 kV for direct linkage 
to the factory mains supply. The alternator is of the single- 
bearing, salient-pole synchronous type with a low resistance 
damper winding on the pole faces. The stator is star con- 
nected. The exciter is of the direct-coupled, two-bearing 
type mounted on the end of the alternator. An alternating 
current pilot exciter complete with 3-phase selenium recti- 
fier is provided on the end of the main exciter. The bearings 
are of the journal type with forced lubrication supplied from 
the main lubricating oil pump for the turbine. 


Control System 
The set runs with the alternator at synchronous speed in 
parallel with the national grid and no speed governing is 








provided. There is, however, a comprehensive tripping 
sytem designed to shut the unit down safely on fault 
condition. Because of the high speed, high temperature and 
low inertia of the turbine system, safe tripping poses con- 
siderable problems. It is calculated that at the normal speed 
of 27,900 rpm removal of a 400-kW load will cause the set 
to accelerate at 8400 rpm per sec. and to reach the maximum 
permissible speed of 32,000 rpm in 0.25 sec. after the opera- 
tion of the overspeed devices. To ensure safe shut-down 
within this period, the essential features of the tripping 
system are duplicated. There are two overspeed governors, 
one an unbalanced ring mechanical unit and the other an 
electrical tachometer. There are also two automatic stop 
valves in the gas line to the turbine, both spring closed, one 
being held open by oil pressure and the other by electrical 
solenoid. The mechanical and electrical shut-down circuits 
are interlinked so that a trip impulse from either will actuate 
both control systems. 

The shut-down system is arranged so that the majority 
of fault conditions, either in the set or arising in the nitric 
acid plant, first cause the automatic stop valves to close. 
The alternator load remains electrically connected until the 
machine speed has fallen to a point at which power genera- 
tion has ceased. Only then is the alternator disconnected 
from the mains. An electrical fault (or power failure) would 
remove the load by disconnection and then safe shut-down 
without excessive overspeed depends on rapid closure of 
the automatic gas valves. The control and lubricating oil 
system is illustrated in Fig. 2. A Kelvin Hughes pen 
recorder is installed to measure the time taken for each of 
the automatic valves to close. 


Performance 

In normal operation the turbine receives gas at 660°C 
at an inlet pressure of 75 psig and exhausts to atmosphere 
at a gas temperature of 370°C. Under these conditions, the 
electrical output from the set is about 410 kW, representing 
a recovery of some 60%, of the power consumption of the 
acid plant. 
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Chemical Process Hazards — A Symposium 


SYMPOSIUM on “Chemical Process Hazards with 

Special Reference to Plant Design” is being held by 
the North-western Branch of The Institution of Chemical 
Engineers in the Great Hall, College of Science and Tech- 
nology, Manchester, from Tuesday, March 29, to Thursday, 
March 31. The papers will be presented in four sessions, on 
Tuesday afternoon, Wednesday morning, Wednesday after- 
noon and Thursday morning. It is hoped in this way to en- 
able visitors to travel to Manchester on Tuesday and 
Thursday. Registration fees for the Symposium are: mem- 
bers of the Institution, £1; non-members, £1 10s. An in- 
formal Symposium Dinner will be held on Wednesday 
evening at which all the speakers and distinguished visitors 
will be invited. Separate registration is required for this 
event. Preprints (in part duplicated only) of all the papers to 
be presented will be sent to those registering for the Sympo- 
sium. The papers presented will ultimately be published in 
a special volume of proceedings. 

Programme details are as follows: 


Tuesday, March 29: AFTERNOON SESSION: 2.30 to 5 p.m. 
“Some Significant Chemical Accidents”, by Dr. D. Matheson 
(H.M. Factory Inspectorate, Chemical Branch). 
“An Approach to the Problem of Process Hazards in Plant 
Design”, by A. D. Thackara, R. B. T. Hall-Craggs and 


R. M. Robb (Thomas Hedley & Co. Ltd.). 
“Automatic Control and Instrumentation for Hazardous Pro- 
cesses” 


*, by B. W. Balls and A. H. Isaac (Foxboro-Yoxall). 





April, 1960 





Wednesday, March 30: MorNING SESSION: 9.30 a.m. to 
12.30 p.m. 

The Relief of Pentane Vapour—Air Explosions in Vessels”, 
by J. H. Burgoyne and M. J. G. Wilson (Imperial College of 
Science and Technology, London), 

“Ethylene Oxide Vapour Explosions Under Pressure”, by 
J. H. Burgoyne and K. E. Bett (Imperial College of Science 
and Technology) and R. Muir (Lankro Chemicals Ltd.). 

“Explosion Hazards in the Manufacture of Terephthalic 
Acid”, by Dr. D. H. Derbyshire (Imperial Chemical 


Industries Ltd., Fibres Division). 


Wednesday, AFTERNOON SESSION: 2 to 5 p 
“The Quenching of Flame by Perforated Sheeting and Block 
Flame Arresters”, by K. N. Palmer (Joint Fire Research 
Organisation). 
“Explosion Reliefs for Duct Systems”, by Dr. D. J. Rasbash 
and Z. W. Rogowski (Joint Fire Research Organisation). 
“The Design of Explosion Reliefs for Industrial Drying 
Ovens”, by W. A. Simonds and P, A. Cubbage (Gas 
Council, Midlands Research Station). 


Thursday, March 31: MORNING SESSION: 9.30 a.m. to 12.30 p.m. 

“Hazards in Handling of Acetylene in Chemical Processes, 

Particularly Under Pressure”, by S. A. Miller and E. Penny 
(British Oxygen Research and Development Ltd.) 

“The Design of Plant Handling Hydrofluoric Acid”, by 
K. M. Hill and H. Knott (U.K. Atomic Energy 
Authority). 

“Storage, Pumping and Piping of Hazardous Liquids”, by 
S. F. Grover and B. G. Wilson (The Associated Ethyl 
Co. Ltd.) 

Each session will conclude with discussion and authors’ replies. 
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DISCHARGE OF LIQUEFIED PETROLEUM GASES 
THROUGH ORIFICES 


Good agreement with observed rates of discharge is obtained 
with this graph-aided method of calculation 


by W. R. VAN WUK and A. J. WESSELING 
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Fig. 1. Vapour pressure of propane as a function of 


temperature. - 





* Commercial propane used in 
this investigation. 0----0 pure propane. 
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Fig. 2. Apparatus for measuring time of discharge of 
propane through an orifice. 


N some bottle-filling stations where liquefied petroleum 

gas bottles are filled, it is customary to blow off the 
remaining liquid before refilling the bottle. The bottles are 
placed in the upside-down position and are connected by 
a flexible tube to a vacuum system. The efficiency of this 
operation in the limited interval of time available for it is 
the subject of the investigation which is detailed in this 
article. 

The diameter of the discharge line is so small that the 
reduction in pressure causes the liquid to boil and a mixture 
of gas and liquid flows in the tube. 

The discharge of a boiling liquid has apparently not 
received much attention in the technical literature. The 
authors have encountered very few papers concerning 
boiling water.’ In the present article experiments are des- 
cribed in which liquid commercial propane was discharged 
through an orifice. A theoretical treatment of the discharge 
of propane, of isobutane and of normal butane is given and 
the experimental results are compared with those predicted 
by theory. 


Apparatus and Experiments 

Commercial propane for domestic purposes was used. Its 
vapour pressure is shown in Fig. 1. A weighed quantity 
varying from 400 to 450g was filled in a small bomb of 
approximately one litre, which was closed by a valve with 
a 5-mm opening. A tube in which an orifice was placed 
was connected to the bomb as shown in Fig. 2. The upstream 
pressure was measured; the downstream pressure was | atm. 
The upstream pressure varied during the discharge; it was 
measured as a function of the time. 

In one experiment a perspex tube was used which made 
it possible to observe the flow. Owing to the reduction of 
the pressure in the outlet valve, some gas was already 
present in the tube and slugs of gas and of liquid were seen 
to move to the orifice. 

In a final experiment the time of discharge through the 
standard valve of a commercial container was measured. 
The pressure as a function of the time is shown in Fig. 3 
for the two orifices used. The gradual decrease of the up- 
stream pressure is ascribed to cooling of the contents of the 
bomb owing to vaporisation within the bomb as depicted 
in Fig. 2. 





W. R. van Wijk is Professor of Physics and Meteorology at 
the State Agricultural University at Wageningen, Netherlands, 
and consultant of Comprimo N.V. Chemical Engineering Con- 
tractors, Amsterdam. A. J. Wesseling is a mechanical engineer, 
temporarily with Comprimo. 
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Theory 

Application of the principle of conservation of mechanical 
energy to the volume between the cross-section of the main 
body of the container and the cross-section at its neck leads 
to the equation: 


O: Vi {Pi + 4-1 Vi*} = On Ve {Ps + 4-2 V2*} .... (1) 


Here O is the area of the cross-section, V the linear velocity, 
P the pressure and p the density. The indices 1 and 2 refer 
to the cross-sections. The pressure P2 is smaller than P,. 

The conservation of mass is expressed by the condition: 


O1 Vi pi = O2 V2 pro » aswuae 


Combination of Equations (1) and (2) leads to Bernoulli’s 
equation for the flow of a compressible fluid: 


l - l 
—P,+3V,? = —P, +3 V,? -- 3) 
Px Pe 


In the present case P; is the saturation pressure of the 
liquid in the container which corresponds to a temperature 
tf). The pressure P, is the saturation pressure of the liquid- 
gas mixture which results from partial vaporisation. It 
corresponds to an equilibrium temperature fe. 

If it is assumed that the discharge takes place in a con- 
tinuous flow, then p; is the density of the liquid at P; and 
ft; and pz is the density of the mixture of gas and liquid at 
P; and fe. The latter quantity is calculated as follows: 

If G kg are evaporated per kg of original liquid, c denotes 
the specific heat of the liquid, and r the latent heat of 
vaporisation : 


Gr=c (h— h) -..+(4)* 


The specific volume — of the liquid vapour mixture is: 
2 


in en coe: ad. Ohene ae 
Pe Pl Pv 

in which p is the density of the liquid and p, the density of 
the gas both at P2 and fe. 

Inserting this density in Equation (3) and ignoring the 
velocity V; in the large cross-section in respect of V2, we 
obtain : 

l l 
} V,2 = — P, — — P, — 
P1 Pe 

It is, however, found that the right-hand side of this 
equation is negative if P; and P2 are both in the range 0 to 
12 kg cm~ which is exactly the region of practical interest. 
Thus no real value of V2 exists and a different mechanism 
must be considered; for instance, the following one. 

After the quantity G according to Equation (4) is 
evaporated, flow stops owing to the large volume of the gas 
which blocks the orifice. The pressure at the upstream side 
rises again. It may attain a value P;*, somewhere between 
P, and P, and the propane is forced through the orifice by 
the pressure difference Pi* — P2. Instead of being con- 
tinuous, the flow has now become intermittent, and it is in 
principle determined by the equation: 


1 Vt = (PP) ee 


It appears from this equation that the specific volume of 
the fluid upstream of the orifice is of no influence. A similar 
conclusion was reached for water at boiling temperature.’ 

Equation (7) always yields a positive value of V2. The 
latter has been calculated for a constant value of P:*, which 
was taken as equal to P; and for various values of P2. The 
mass discharged per second is obtained by multiplying V2 
with O2 p2 times a reduction factor f to take into account the 
intermittent character of the flow. Since the pressure rises 





*The evaporated quantity, G, turns out to be so small that it is not 
necessary to take into account the difference in the specific heats of the 
vapour and of the liquid respectively. 

_t The reason for this behaviour is the rapid increase of the specific volume 
enn pressure. One may say that the expanding volume blocks off 

¢ flow. 
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Fig. 3. Pressure as a function of time for the discharge 

of liquid propane. 00 A orifice 0.98 mm. diameter. 

@@A orifice 2.09 mm. diameter. Each set of 
symbols refers to one experiment. 
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Fig. 4. Mass rate of discharge for propane. 
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Fig. 5. Mass rate of discharge for normal butane. 
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P, 
‘ N kcal kcal m kg 
Pi atc 76,100 oS | & ke’c |" kmol G Ve sec |* sec m2 

39 12.9 0.678 3110 0.00959 11.93 4935 
38 12.6 0.676 3120 | 0.01907 | 17.91 6560 
37 12.3 0.674 3130 | 0.0284 23.2 7620 
35 11.7 0.669 3150 | 0.0468 33.2 8850 
32.5 il 0.665 3175 | 0.0691 45.1 9560 
30 10.4 0.660 3200 | 0.0908 56.4 9750 
27.5 9.7 0.640 3340 | 0.0211 22.2 7440 
25 9.1 0.637 3360 | 0.0417 32.08 | 7970 

22.5 8.5 0.633 3380 | 0.06185 | 44.1 
20 8 0.63 0.0816 55.4 8420 
17.5 7.4 0.616 3525 | 0.0192 19.2 6130 
15 7 0.613 3540 | 0.03835 | 29.45 | 6670 
12.5 6.4 0.610 3575 | 0.0536 42.4 7380 
10 6 0.607 3600 | 0.0745 54.5 7210 
7.5 5.6 0.5975 3700 | 0.0178 16.22 | 4840 
5 $.2 0.595 3720 | 0.0352 28 5610 
2.5 48 0.5925 3740 | 0.0522 40.4 $900 
0 45 0.59 3760 | 0.0686 $1 5770 
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The pressures are given in kg cm~* absolute. In the calculation the Giorgy (m k s) system of 
used. The unit of pressure in that system is Newton per sq m. | kg cm=* 
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Fig. 6. Mass rate of discharge for isobutane. 
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Fig. 7. Discharge gate of the commercial propane 


container used in the full-scale experiments. 








TABLE [B.—Vapour Pressure, etc., for Iso-butane 



































Py “ keal | k 
] N . kea cal 
“°C 98,168 m* | 7,°C 5,508 m? Cp kg°C 4 kmal 
40 5.1 39 4.97 0.59 4728 
40 5.1 38 4.84 4736 
40 5.1 37 4.71 4744 
40 5.1 35 4.45 4760 
40 5.1 32.5 4.2 4780 
40 5.1 30 3.9 
30 |B 39 29 3.8 0.57 4890 
30 3.9 28 3.7 4900 
30 3.9 27 3.6 4910 
30 3.9 25 3.4 4920 
30 3.9 22.5 3.15 4945 
3 3.9 20 2.9 4970 
20 2.9 19 2.82 0.56 5045 0. 
20 2.9 18 2.74 0.559 5050 0. 
20 2.9 17 2.66 0.558 5055 0. 
20 2.9 15 2.5 0.556 $065 0. 
20 2.9 12.5 2.3 0.554 5077 0. 
20 2.9 10 2.1 0.552 5090 | 0. 
10 2.16 9 2.08 0.55 5155 0.00618 6.66 
10 2.16 8 2 $165 0.01234 11.25 
10 2.16 7 1.92 5175 0.0185 15.47 
10 2.16 5 1.8 5187 0.03075 23.85 
10 2.16 2.5 1.675 5206 0.046 33.65 
10 2.16 0 1.55 $225 0.0611 44.1 








very rapidly as soon as the flow stops, one would expect a 
value of f not far below unity. 

It is found that the mass rate Q = f O» V2 p» first increases 
with increasing pressure difference P; — P2, but a maximum 
value is seon reached. If P» is still further decreased the 
product W2 ps decreases as well. In practice, however, the 
mass rate will remain at its maximum if P; — P2 exceeds 
the optimum value, the pressure difference over the orifice 
will adjust itself and further expansion will take place 
behind the orifice. 

The results of the calculation of mass rate based upon 
Equation (7) are shown in Figs. 4, 5 and 6. 

The mass rate is plotted on the vertical axis as kg per 
sq. m. per sec, The pressure is plotted horizontally in kg 
per sq. cm absolute. Each curve corresponds to a fixed 
value of P;, which is read at the intersection of the curve 
and the horizontal axis. The varying pressure is the abscissa 
of a point of the curve. The curves have been drawn up to 
the maximum discharge rate. 

An example for the application of the curves is given for 
propane. Consider the curve for which P; = 10.4kgcm~ 
absolute. At a back pressure of 10.0 kg cm~* absolute one 
reads a mass rate of 6000kgm~ sec.~', ignoring the 
empirical factor f. 

The data used in the construction of the diagrams are 
given in Table I. The vapour pressures and the densities of 
the liquid hydrocarbons were taken from Perry’s “Chemical 
Engineers’ Handbook” and the densities of the gas-phase 
were calculated from the reduced equation of state in that 
handbook.? 


How Does the Theory Agree with the Experiments? 

In all experiments the pressure difference was well above 
the optimum, so discharge took place at the maximum rate. 
The latter varied rapidly with the time owing to the decrease 
of the upstream pressure, P;. The maximum discharge rate 
corresponding to each value of P; was read from Fig. 4 
and plotted versus the time. In this way a curve was obtained 
showing maximum discharge rate as a function of time; 
the area enclosed between this curve and the two co- 
ordinate axes is the quantity which can theoretically be 
discharged per sq. m. of orifice surface. 

As the diameters of the orifices were 0.98 and 2.09 mm 
respectively, the result was multiplied by 7.62 x 10~’ and 
by 3.44 X 10-* to obtain the quantity Min, which would have 
been discharged through the orifices according to the theory. 
The empirical reduction factor f is the ratio of the actual 
discharged quantity and Min. 
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al P, 

_ NN N kcal kcal _ m kg 

98, 1¢ m? ,°C $8,168 m? ire ” kmol G V2 oe * Sec m? 
3 39 3.45 0.59 4728 0.00724 7.11 ~ 2755 
; 38 3.35 4736 0.01445 11.62 3390 
3 37 3.25 4744 0.02165 15.94 3680 
3 35 3.06 4760 0.03595 24.6 3906 
; 32.5 2.85 4780 | 0.0537 35.3 3910 
3 30 2.7 4800 0.0713 44.6 3740 
2.7 29 2.61 0.57 4890 .00676 6.98 2522 
2.7 28 2.52 4960 0.01345 11.6 3045 
2.7 27.5 2.48 4905 0.0169 13.74 3140 
2.7 25 2.3 4920 0.0336 2 3264 
2.7 22.5 2.12 4945 0.0501 35 3250 
2.7 20 1.97 4970 0.0666 46.1 3140 
1.95 19 1.89 0.56 5045 0.00644 5.96 1978 
1.95 18 1.83 0.559 5050 0.01283 10.2 2320 
1.95 17 1.77 0.558 5055 0.0192 14.41 2455 
1.95 15 1.66 0.556 5065 0.0315 22.6 2528 
1.95 12.5 1.52 0.554 $077 0.0475 33.85 2495 
1.95 10 1.39 0.552 5090 | 0.063 45.6 2418 
1.39 9 1.35 0.55 5155 0.00618 5.19 1515 
1.39 8 1.31 $165 0.01234 9.09 1732 
1.39 7 1.27 5175 0.0185 13 1813 
1.39 5 1.18 $187 0.03075 21.75 1898] 
1.39 2.5 1.07 5206 0.046 33.38 1884 
1.39 0 0.97 $225 0.0611 45.5 1815 





TABLE IC.—Vapour Pressure, etc., for Normal Butane 






































An average value of f = 1.0 was found for the 0.98-mm 
orifice and f = 0.9 resulted for the 2.09-mm orifice. Thus 
the theory is in excellent agreement with the experiments 
under these well-defined conditions. 


Discharge of a Commercial Container 

As a commercial container does not discharge through 
an orifice but through a far more complicated channel, 
values of f appreciably deviating from one can be expected 


The cross-section of the discharge channel of a commercial 
propane container used for discharge experiments is shown 
in Fig. 7 with wide open valve. The opening limit is part 
of the ring-shaped area A facing outlet channel B. From 
the dimensions, it is estimated that approximately 50% of 
the ring-shaped area is effective for discharge. 

In the experiments the container was placed upside down 
on a balance and the valve fully opened as quickly as 
possible. The pressure ranged from 9.3 to 9.1 kg cm~™ 
absolute. This corresponds to a discharge rate of approxi- 
mately 8000 kg sec.~' m~*. In four experiments 1, 1 and 3 
and 3 kg was discharged in 8.6, 8.6, 21.9 and 23.9 sec respec- 
tively, giving a weighted mean of 0.125kg sec.~'. - 

The area of the ring-shaped space is 1.7 X = X 5.8 sq. mm 
= 31 sq. mm, and thus the theory would predict a discharge 
rate of 0.248 kg sec.-! if the entire ring-shaped area were 
effective. Actually, approximately 50% of it only faces the 
outlet opening which could account for the value of f = 
0.5 resulting from the experiment. Thus the theory agrees 
satisfactorily with the experiments even in this complicated 
case. 

In practical applications the pressure in a container which 
is to be emptied is generally not measured. It can, however, 
be read from the vapour pressure curve (Fig. 1) if the 
temperature is known. 
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First Industrial Application of I.M.I. Phosphoric Acid Process 




































Semi-plant unit corresponding to | to 2tpd of P20; 
built to demonstrate the extraction operation. 


April, 1960 


HE process developed by Israel Mining & Industries 

Laboratories for phosphoric acid production is due to 
be installed by the Toyo Soda Manufacturing Co. Ltd. of 
Tokyo. As described in British Chemical Engineering, 1959, 
4, 4, 223, the process is based on reaction between 30%, 
hydrochloric acid and natural phosphate rock with sub- 
sequent organic solvent extraction of the phosphoric acid 
formed leaving calcium chloride in the aqueous phase. 
In an exclusive announcement of the contract to British 
Chemical Engineering, Dr. Baniel, Chief Chemist of 
I.M.I., stated that Toyo Soda were insistent on a high level 
of product purity. Progress since the description of the 
process was published has rendered it possible to guarantee 
the following composition of product which brings it close 
to that of thermal phosphoric acid. 





H;PO,, % ° 80 
js less than 0.01 

less than 0.01 

less than 0.001 


Heavy Metals (Pb),' 2? %: 
As’, %: 





Notes: ! The test methods for phosphoric acid of the 
British Pharmacopoeia (1953) will be taken as 
the basis for this determination. 

Excluding Fe and As. 

8 Provided that the process water introduces only 


negligible amounts of the specified impurities. 


I.M.I. are supplying the detailed flow-sheet and direction 


for operation. Toyo Soda, who have a strong engineering 
organisation of their own, are carrying out the mechanical 


design. I.M.I. are also guaranteeing output, yield and 
product purity. Scale of operation is within the range of 


European phosphoric acid plants. 





25 























66.045.5: 624.97 


NEW TRENDS IN COOLING TOWER DESIGN— 
METHODS AND MATERIALS OF CONSTRUCTION 


After considering the use of plastics for packings, the author concludes 
that grid-type fills offer the best combination of properties 


PART If 


by D. J. TOW, B.Sc.(Eng.), Dip. Chem. Eng., A.M.I.Mech.E., A.M.I.Chem.E. 


Present Types of Packing 

Packings now used for cooling towers may be classified 
as either splash or film type. The splash-type packing con- 
sists of wooden grid bars varying in thickness from ¢ in. to 
| in., joined together to form decks which are generally 
spaced from | ft to 2 ft in the vertical direction (Fig. 2). 
The decks serve to break up the water which falls freely 
through the tower. Cooling occurs at the surface of each 
drop. As the water falls from one deck to the next, 
new surface is exposed and the temperature gradients within 
the drops are decreased, giving increased cooling. 

The principal advantages of this type of packing are its 
low cost, economy and ruggedness. Because most of the 
contact surface is the exposed area of the drops of water, 
rather than the packing surface, the quantity of fill material 
required is relatively small and the grid members can be 
made thick enough to withstand deterioration without 
affecting the economics of the tower. In the Head 
Wrightson-Fluor splash-type packing the thinnest dimen- 


* Part 1 of this article appeared in the March issue, page 191 





sion of timber is | in. and it has a record of more than 10 
years of continuous industrial service without showing signs 
of deterioration. 

Some improvement in the performance can, of course, 
be realised by using the same amount of timber cut into 
a larger number of thin slats. However, only the part of the 
transfer occurring on the packing surface is affected, and 
since this represented only a fraction of the total transfer, 
the net improvement may not be great enough to compen- 
sate for the decreased strength and the reduced life of the 
packing. 

In film-type packing the water flows in a relatively 
continuous film on the wetted surface so that the surface 
available for heat and mass transfer is closely related to 
the surface area of the fill material. This type of packing 
is constructed of wood slats with alternate layers crossed so 
that, when viewed from the top, numerous square openings 
are seen as in an egg crate (Fig. 3). These packings showed 
a higher performance efficiency than the conventional 
splash-type pack and the economics can be favourable when 








compared on the basis of operational costs over a specified 
period. However, it has certain limitations. It is limited by 
the minimum thickness of the grid slats which can be 
tolerated. It is generally conceded that slats thinner than 
3 in. are not suitable for industrial use due to warping and 
accelerated deterioration problems, The maximum thick- 
ness is governed by economics and usually does not exceed 
* in. It can be seen that in this type of packing the volume 
of the tower occupied by the packing timber, and therefore 
not available for the passage of gas, may be an appreciable 
fraction of the total. 

To summarise, therefore, if the slats are thick enough to 
provide a sturdy, long-lasting structure there is not enough 
space between them for easy flow of air. On the other hand, 
if thinner slats are used, the cost of maintenance and 
repair increases, even though the wood is treated with a 
preservative for protection against fungi. In addition, the 
protective treatments now in use are not able to limit the 
occurrence of chemical deterioration which causes the 
wood components at the surface of the fill to be con- 


tinuously broken down and washed away. This weakens the 
structure of the wood, and replacement of the fill-in part 
or whole becomes necessary. The delignification process 
presents a serious problem particularly in the case of the 
thin slats from which the film type packing is constructed. 
Fluor therefore undertook the task of developing a design 
using other materials for use in tower packings which would 
not suffer from the limitations of these wood slats. Com- 
petitive considerations indicated that the substitute materials 
must justify any increase in cost by a sharp increase in 
cooling efficiency. 


New Packing Materials 

During the course of investigation a wide variety and 
number of materials was tried, including cement asbestos 
sheets, metal and plastic screens, plastic impregnated paper, 
ceramics and a variety of thermo-plastic resins fabricated 
into a number of structural shapes. Of all the materials of 
construction available, plastics offered the best combina- 
tion of properties. 

Early studies of plastic materials suitable for the con- 
struction of cooling tower packing showed that the two 
thermoplastics, polystyrene and polyethylene, had the most 
to offer from the standpoint of low cost, resistance to 
deterioration and adaptability to mass-production manu- 
facturing techniques. Theoretical studies had indicated that 
a multitude of parallel vertical film surfaces would give 
good performance with a minimum of pressure drop. One 
of the early experiments to evaluate this. hypothesis in- 
volved the use of bundles of extruded hexagonal tubes held 
in a honeycomb configuration mounted vertically in the 
tower (Fig. 4). To take full advantage of the extrusion 
techniques of fabrication, tubes approximately 4 ft long 
were used. Although this was undoubtedly the ideal shape 
and size from the standpoint of material utilisation and 
manufacturing techniques, the packing showed serious 
practical limitations. The water tended to be very unequally 
distributed through the various channels of the packing. 
This work indicated that with the conventional water to 
air distribution a packing capable of redistributing the air 
and water within itself was a necessity. 

This led to the testing of Dow Pack HCS (Fig. 5), a 
packing made from corrugated plastic sheathing, which had 
in its vertical corrugations a few horizontal channels for 
redistribution of the air and water in at least one direction 
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within the packing. It had been expected that this type of 
packing would perform a little better than the hexagonal 
tube packing, and it did. However, it was unquestionably 
demonstrated that this limited redistribution was not suffi- 
cient for adequate water to air distribution in Fluor’s large, 
commercial-type, pilot-plant tower. 

The next step involved the development of a packing 
which would be separated by adequate vertical spacing, for 
horizontal distribution of air and water, with a maximum 
of water to air contact efficiency. This led to the develop- 
ment of the flat 24-in. grids now used. 

The first Poly-Grids were fabricated from sheet stock; 
the initial prototypes were hand fabricated to dimensions 
which theoretical and practical considerations indicated 
to be near the optimum. Several variations in the vertical 
spacing between grids and the size, type and orientation 
of the openings were investigated in the normal course of 
the development. During these investigations it was 
observed that the drops of water from one grid too often 
fell freely through the openings in the slats, past several 
of the grid decks below, before striking one and spreading 
on to the packing. 

This was a very important observation, because it led to 
the development of the splash strips which are now placed 
along the top of the ribs. With the incorporation of the 
splash strips, not only was the rigidity of the structure 
considerably increased but also the performance improved 
beyond expectations. Hence they were included as a vital 
part in the final patented commercial design of the Poly- 
Grids. 


First Commercial Model 

The final successful commercial model of the plastic 
Poly-Grid packing resulted from this methodical research 
and development work, encompassing a period of four long 
years. With the introduction of this type of fill, a com- 
pletely new concept of cooling-tower packing material and 
design came into being. This was the cooling tower 
industry's first successful venture into the use of plastics 
for packing. Basically the packing consists of a square 
grid work of interconnecting vertical ribs 2 in. apart in 
both directions (Fig. 6). The 24-in. vertical spacing between 
grids is accomplished by five spacers which are, in effect, 
inverted ces. These spacers or support legs are tapered so 
that the packing units nest during shipping. When installed 
in a cooling tower, alternate layers are rotated 90 degrees 
so that these supports hold tht grids the proper distance 
apart (Fig. 7). This rotation also serves to change the align- 
ment of the grids of alternate layers so that the ribs of one 
layer are not in line with those of the layers directly below 
or above it. The Poly-Grids are also used to definite advan- 
tage with larger vertical spacings between decks. Vertical 
spacings of 8 in. to as much as 24 in. between decks have 
proved successful from the standpoint of the slight decrease 
in performance obtained with the use of only as little as 4 
to 4 of the total packing required with close spacing. 

The Poly-Grids have been developed for use in both 
crossflow and counterflow types of industrial water cooling 
and air-conditioning towers. The units are sized approxi- 
mately 3 ft sq., so that four of them would fit exactly in the 
6 ft x 6 ft bay; they can also be made available in a 2 ft x 
4 ft size. This unit was designed for use in air conditioning 
and industrial towers having a 4-ft module. These units are 
injection moulded using high-impact polystyrene or linear 
polyethylene. 

The performance characteristics of the Poly-Grid pack 
compared with various standard cooling tower packing 
arrangements for counterflow towers is shown in Fig. 8. It 
can be seen that the Poly-Grid pack on 2}-in. vertical 
centres has a significantly high performance coefficient with 
a unit pressure drop comparable with that for a typical 
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Fig. 7. Poly-Grid showing support legs. 
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Fig. 8. Performance of Poly-Grid in counter-flow 
cooling tower. 


wood film-type pack and only slightly higher than the wood 
splash-type pack. Further, it is evident that the Poly-Grid 
pack on 8-in. vertical centres has a high performance 
coefficient with a unit pressure drop identical with that of 
the wood splash-type packing, whereas the Poly-Grid pack 
on 24 in. centres has a slightly higher performance index 
with a definitely lower unit pressure drop. Also, the fact 
that it has the same high performance efficiency and rela- 
tively low pressure drop in crossflow tower arrangements 
makes it even more attractive. 


Manufacturing Costs 

The manufacturing costs per cubic foot of Poly-Grid 
pack are higher than that for the standard wood splash 
pack. However, after hurdling the mental block of higher 
first costs, the other advantages of the plastic-filled tower 
begin to look more attractive; the definite advantage due 
to its high performance level coupled with a low pressure 
drop has already been discussed. Its manufacture from a 
durable type of plastic material, with construction such 
that the pieces have adequate strength, makes the service 
life of the packing almost the estimated life of the tower. 
The packing can safely sustain 150 lb between spacing 
supports; the supports themselves can carry loads in excess 
of 250 Ib (Fig. 9). Another one of the attractive features 
is the fact that the Poly-Grids are not known to be attacked 
by fungus or bacteria of any type, and it is fairly well 
resistant to all common _ water-treatment chemicals. 
Furthermore, the polystyrene is resistant to most dilute 
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aqueous solutions including non-oxidising acids, salts and 
alkalis. The polyethylene is resistant to most of the oxidis- 
ing acids and to organic solvents such as aromatics, 
chlorinated hydrocarbons and ketones. Between these two 
plastic materials, therefore, all types of cooling tower 
applications can be covered, In addition, it is light in weight 
in comparison to the other packings, due to the inherent 
low density of the plastic materials and to the relatively 
high percentage of void spaces. This is an advantage in 
transportation space and cost, since it can be used in filling 
up the air volume of a wagon which is only partially filled 
with material or equipment, the total weight of which is 
just below the allowable maximum. 

The most attractive side of the Poly-Grid picture can 
only be seen if the total costs of a plastic-filled tower and 
wood-filled tower for a specified duty are compared on an 
evaluated basis. 

The Poly-Grids have been developed primarily for use 
in all types of industrial water cooling and air conditioning 
towers—both crossflow and counterflow. In addition, there 
is another large market in the replacement (in part or whole) 
of the wood grid decks in existing cooling towers. Total 
replacement of the deteriorated fill in existing towers with 
Poly-Grid decks would not only eliminate the problem of 
the deterioration, thereby decreasing maintenance costs, 
but will also increase the cooling performance of the old 
tower. On the other hand, by the replacement of a por- 
tion of the wood grid-decks, it is possible to increase the 
cooling capacity of the towers already installed, which can 
mean substantial savings for the company or plant that has 
outstripped its cooling facilities. Poly-Grid is versatile and 
is well suited for a gas or vapour liquid contact medium 


in many other applications. It is suitable as packing for 
biological trickle filters, chemical absorption towers and, 
due to its open and non-clogging characteristics, it is sug- 
gested for use in the scrubbing of solid particles from air 
stream in fume, mist and dust collectors. 


Conclusion 

Development of the Poly-Grid packing is an important 
example of an industrial design and application where 
formability, strength and corrosion resistance makes plas- 
tics a heavy contender with other materials of construction. 

Improvement in design and methods of construction have 
had a far-reaching effect in widening the scope and usability 
of the standard cooling towers. The cooling tower industry 
as a whole is accelerating development, leading to better, 
more efficient and more economical cooling units. This is 
a very healthy sign, for so long as the cooling tower 
industry maintains a productive research and development 
programme, such as maintained by Fluor and Head 
Wrightson, improvements will always be forthcoming which 
will not only benefit those industries using cooling towers 
but also the nation’s entire economy. 
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Laboratory Self-adaptive Control System 


A Self-optimising Computer System of Advanced Design 


HE self-optimising control system shown right was 

built by N. W. Rees under the supervision of W. 
Gosling in the Department of Engineering, University 
of Swansea. In the initial stages of investigation it will not 
be controlling any physical equipment, but in the second 
stage it will be linked to the laboratory distillation column 
shown. Four methods of control were discussed in the 
article “Self-adaptive ©ontrol Systems” by Mr. Rees in 
the February 1960 issue, on page 106. These were (1) the 
use of random steps of control action—the machine noting 
the response to the action and eventually detecting the 
summit by the fact that any move decreased performance; 
(2) an extension of method (1) in which only good moves 
are repeated instead of random trials; (3) the method of 
steepest ascent in which the machine tries out eight possible 
actions and selects that giving the best performance; (4) 
a refinement of method (2) incorporating a memory store 
allowing the use of a limited amount of past experience. 
It is now proposed to incorporate a fifth method approxi- 
mating closely to the use of a conditional probability com- 
puter. This type of computer is capable of self-optimising 
more general systems. It is hoped that the unit will provide 
information well in advance of anything available anywhere 
else in the world. Basically, the unit investigates a number of 
methods of tackling a hill-climbing problem in two dimen- 
sions. It is expected that the solutions found as a result of 
the research work being undertaken will be readily applic- 
able to a larger number of dimensions. 

The research is a co-operative effort which is being 
carried out under the auspices of the D.S.I.R. and with the 
close collaboration of Dr. Uttley’s Division of the National 
Physical Laboratory. 
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article 


PROFESSOR of industrial administration, brought 

before some academic court to show why his infant 
subject should not suffer euthanasia during an epidemic of 
acute financial distemper, on the ground that the child was 
both illegitimate and misconceived, would consider him- 
self lucky to have at least one chemical engineer upon the 
jury. For the infant vicissitudes, first, of chemistry proper, 
that unromantic child of ancient alchemy, adopted and 
reared by eighteenth-century rationalism, and, second, of 
chemical engineering itself, that struggling bastard but 
recently accepted by the respectable professions, bear so 
close a resemblance to the present fight for its existence 
of industrial administration that any chemical engineer of 
sentiment would be overcome by emotion as he sat listen- 
ing in the jury box. The parallels are complete. The back- 
ground of mythology, stretching as far away and long ago 
as the Pentateuch; the spurious claims to make gold out 
of iron pyrites or to inveigle men to work harder; the 
unchallengeable authority of the patriarchs and of the 
curious principles that they enunciated; the confusion im- 
ported into each subject by presenting its arguments in 
geometrical analogies and then by drawing conclusions 
which, being geometrically valid, were accepted as valid 
in the subjects themselves; the failure of what seemed to 
be logical analysis because the basic parameters were not 
understood, as, for example, when qualities of complexion 
like brightness and yellowness were taken as qualities of 
invariance, like energy and mass (in _pre-relativistic 
physics); the baffling properties of combustion and the 
elusive sprite of phlogiston, paralleled exactly in the sul- 
phurous quality of industrial disputes and the interfering 
hand of the hidden agitator; the replacement of the 
medieval patron in the form of the miracle-working 
bishop by the modern patron in the form of the indus- 
trial manager seeking to increase his profits: it is all there, 
even to the professional company that the alchemist and 
the administrator would keep, for the economist of now 
has replaced the astrologer of then. 


The Secondary Natures of Chemical Engineering 
and Administration 

Nor is this all. For the chemical engineer is, like the 
administrator, essentially a man who uses the theoretical 
knowledge of others to get things done. We all know the 
original contributions to physics that chemical engineering 
has made—as, for example, JouLe’s determination of his 
famous equivalent. The turbulent flow of liquids at high 
speeds through orifices or under intense pressure gradients 
down narrow pipes has greatly extended our knowledge 
of hydrodynamics and of changes of phase. But for all 
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CAN MANAGEMENT BE SCIENTIFIC? 


A characteristically vigorous contribution to the field of management 
studies—often denigrated by chemical engineers—is made in this 


this, the chemical engineer is content to leave the advances 
in theory to the physical chemist or even to the mathe- 
matician. His main concern is to appreciate the range of 
conditions under which the so-called laws of the pure 
scientist are true. For example, he determines under what 
conditions of velocity and size-dimensions the flow be- 
comes turbulent, or between what limits of temperature 
the powdered pyrites reacts safely and effectively with the 
air to give sulphur dioxide. In his understanding of 
operating practice as distinct from fundamental theory, 
he is content to take it from the engineer that to raise 
certain quantities of steam at specified pressures in a par- 
ticular plant he must burn a certain quantity of coal of a 
known calorific value. To get the steam at required pres- 
sures to operating points he must have pipes of a certain 
diameter with a calculated thickness of lagging, and so 
forth. He may never have studied the (incomplete) theory 
of heat flow through imperfectly conducting pipes convey- 
ing a moving current of hot liquid; he certainly would not 
attempt to set up de novo the differential equations and 
their boundary conditions for every new installation that 
he might need to build. He is content to take a whole 
arsenal of ready-made or empirical lore for granted and 
to act upon it. If he did not, he could not long stay in his 
profession. 

It is not in the detailed or ultimate understanding of 
physics or chemistry that his skill resides. He is an expert 
in the application of such knowledge, in the practical 
operation of a plant that uses this knowledge among other 
kinds of knowledge. And the most important extra know- 
ledge is that which looks at the practical operation as a 
whole—in its engineering, its chemical, its financial, its 
commercial and its sociological aspects—and which sizes 
up whether the operation is viable. Will it work so as to 
get out of it what is wanted? In estimating all these 
probabilities the chemical engineer is acting as a techni- 
cally qualified administrator, who not only ensures that 
both sides of his equations balance in their molecular or 
energy contents, but also in their economic aspects. It is 
not enough to make 98% sulphuric acid; it is necessary 
to make a steady hundred tons a day for £7 a ton or 
thereabouts. To do this it is probably much better to know 
how to get one’s maintenance engineers to work hard at 
the weekend than it is to understand the surface proper- 
ties of vanadium pentoxide; it is quite surprising—especi- 
ally to young graduates—how much easier it is to be 
informed about catalysts than to understand the behaviour 
of riggers or pipe fitters. 


The Basic Entities of Administration 

It is these operations, in the sense of relationships be- 
tween one set of knowable facts and another, that the 
administrator strives to control. The scientist, engineer or 
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economist may each be able to give a sufficiently clear 
account of a particular situation in terms of his particular 
metrics such as acid concentration, pressure or yield per 
thousand pounds invested. But the man who takes the 
decision about changing over from one situation to an- 
other or even from one metric to another—capital 
resources and skilled man-power into packages of deter- 
gent or drums of paint—must understand the dynamics of 
change. By what path shall one situation be changed into 
another, through an n-dimensional space whose co- 
ordinate axes include not only those common to chemistry 
and engineering, like entropy and temperature, but those 
of sociology and economics, like cost and morale? 

This is the central problem of industrial administration. 
Can the factors that determine the success or failure of 
practical endeavour be, first, isolated and identified (as 
GALILEO identified the concept of acceleration); secondly, 
measured in a standard scale (as FAHRENHEIT graduated 
his scale of temperature); and, thirdly, related to each 
other by statistical laws (as BOLTZMANN showed the mean 
kinetic energy of gas molecules in equilibrium to be re- 
lated to the mean gas temperature)? Only when all three 
of these are done can it be claimed that there exists a 
subject of industrial administration in its own right. For 
then the manager who knows in what conditions these 
laws can be used will work less in the dark than the man 
who does not. He will therefore be significantly more suc- 
cessful in the decisions that he takes, and it is not neces- 
sary that he shall be exactly right on every occasion to 
justify the validity of his subject, any more than we need to 
justify astrophysics because we cannot yet explain the 
division of variable stars into three distinct classes by 
periodicity. 


The Rationale of Uncertainty 

There are, of course, many situations in which it is 
impossible, on our present knowledge of political and 
economic forces, to take decisions leading to foreseeable 
results. A company may be formed to manufacture 
titanium ingots from the ore, in the belief that the metal 
has a great future in light alloys. But one of several things 
may then appear. The aircraft industry may collapse, or 
another and cheaper extraction process may be developed, 
or the metal may suddenly reveal unexpected fatigue 
properties. Little harm may be done if this is known be- 
fore the firm starts its capital development. But how are 
such emergencies to be allowed for? What, for example, 
should be the investment policy of a chemical engineering 
firm faced with the present facts, and the future prospects, 
of the American recession? There is no answer to these 
conundrums, because the functioning of the total economy 
of the nation—in terms of social and political forces—is 
not understood. Our ignorance in this field is of the same 
general character as our ignorance of weather forecasting; 
we do not yet know how to forecast what meteorological 
consequences are likely to flow from some given set of 
conditions. Yet the economists are not discouraged on this 
account. The digital computer will be able to predict the 
behaviour of any given type of model, or set of equations, 
that the economic forecaster cares to set up, and into 
which he can from day to day feed the latest information 
about prices, wages, investment, trade and so forth. It 
will enable him to try out a thousand models, each with 
a thousand variables. The more these quasi-astrological 
mysteries are delved into, the more clearly it will be 
understood what are the important parameters of econo- 
mic forecasting, and it ill behoves any latter-day son of 
PARACELSUS to be contemptuous of those who do the 
delving. 

It would be idle to pretend that the professional specu- 
lators upon the Stock Exchanges of this world have 
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always worked by blind chance, or, as the Romans did, 
by observing the flight of jackdaws or pigeons before 
taking their decisions. There are undoubtedly cross- 
influences at work that are more susceptible of analysis 
than is at present considered possible. In both Germany 
and Sweden, for example, there are now central bureaux 
to which firms in membership pass forward information 
at frequent intervals about such things as changes of — 
stocks, orders, costs, profits, sales and so forth. When 
this is done on a wide enough scale and over a range of 
the cardinal industries, a great deal more can be read into 
the trends than can be divined simply from following the 
price of stock or even from such sophisticated abracada- 
brary as the Dow-Jones indices. Moreover, events that 
have in the past seemed quite unpredictable, like a change 
in the Bank Rate or a new tax on Budget Day or the 
erection of a tariff by the Australian Government, 
although not predictable by observation in the way that 
an eclipse of the sun can be foretold, given a knowledge 
of the elements of the moon’s orbit, could at least be fore- 
seen to the extent that, in conditions of observable diffi- 
culty, the responsible authority is bound to do something. 
It is not that the something can be discerned in detail. 
One could merely be confident that, given such and such 
economic conditions, the system has reached a critical 
state, that equilibrium is no longer possible, and that 
future change must inevitably be discontinuous; either a 
new factor will be introduced or there will be a change of 
state and the system will stabilise around a new set of 
levels. The analogy of the triple point comes readily to 
mind. The difficulty is that’ at present we do not know 
enough about the conditions of economic stability at any 
level. It is encouraging to know that, for the first time in 
our history, the Government are trying to use the results 
of the post-war censuses of production to understand the 
interacting forces of our economy, as has been attempted 
for many years in several foreign countries, notably 
America, with the PALEY Reports, and France, with the 
MONNET Plans. 


The Problems of Everyday Management 

But the validity of operational studies does not depend 
upon the successful navigation of these wide and unknown 
oceans of economic hazard. There is a whole family of 
decisions that the manager has to meet and argue with 
every day, a family of the most miscellaneous ancestry, 
but one with which it is possible to become reasonably 
well acquainted and thus to understand. The common 
ancestor of this family is the problem of how to make the 
most of existing resources; what products to make so as to 
use scarce raw materials most profitably, or what blend 
of, say, motor spirit to get the best return; how to find the 
most economic combination of price and total sales 
volume; how to get lowest production cost; how best to 
distribute and where best to produce. The solution of all 
these and similar problems may often be found by linear 
programming, a mathematical technique as distinct from 
other forms of analysis as, say, double-entry book-keeping 
or standard costing. Given access to a digital computer, the 
possibilities of this are very great indeed. The computer 
should do for decision-taking in these areas what the 
microscope has done for medicine. 

A second member of the family of managerial decisions, 
who comes dressed in a range of readily recognisable 
disguises, is the bottleneck, the great administrative bogy 
of the World War II, hunted by politicians in every speech, 
the lifeline of every rabble-rousing journalist. Bottlenecks 
are essentially gates through which things have to pass. 
They vary from the Suez Canal, half blocked with sunken 
ships, to the in-baskets on managers’ desks. For a delay 
arises whenever the arrival rate of the things starts to 
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approach the service rate at which the things can be 
dealt with. Once the manager has grasped these concepts, 
he can deploy the whole arsenal of analysis that is now 
at his disposal. He has to understand what is queueing for 
what action. It may be the workman trying to find the 
foreman for further instructions; the firm itself queueing 
for raw materials; or finished motors waiting to go over 
the test-bed. A sluggish organisation, in which the chief 
finds it hard to know what is happening on the shopfloor, 
generally has a queue-bound management structure. The 
subordinates are choked with matters for decision that 
should be settled where they arise. The oldest administra- 
tive problem on record—MoOsEs trying to manage the Jews 
on their way back to Egypt—is a problem in queueing 
theory, posed and solved in Chapter 18 of Exodus. 

There are three or four other close relatives, all familiar 
antagonists of the manager. All depend upon the concept 
of optimisation, of doing the best thing possible in the 
circumstances. Some are of the general class of replace- 
ment of existing resources with fresh ones, For example, 
how long should the existing plant be kept going, or when 
will its down-time or inefficiency be so crippling that it 
will pay to replace it; or could a man be spared from job 
X if some replanning involving a small capital investment 
were carried out? Others are of this type. Alternatives A, 
B and C are all open. If A is chosen, then either a: or a2 
may follow; if B, then b; or be; if C, then c: or ce. But it 
is not certain what the result will be following any alterna- 
tive. What should be done? Should one gamble on the 
greatest gain or play safe by staking against the greatest 
loss? Oddly enough, these questions admit of intelligent 
discussion. They are to the administrator what timber is 
to the carpenter and lead to the plumber. 


Administration and the Scientific Method 

Industrial administration cannot be justified as a univer- 
sity subject if it is merely to be a set of formule useful 
for men whose decisions weave together the various 
strands of industrial achievement. It must be based upon 
that supreme product of Western European thought, the 
scientific method. And this presents no difficulty, because 
the logical framework of a valid management decision has 
a one-to-one correspondence with the framework of the 
scientific method. This can be seen at once by making a 
model of this method, which turns out to be a five-stage 
cycle: 

(a) collection of facts, their arrangement and definition; 

(b) enunciation of theory or hypothesis, suggested by 
this arrangement; 

(c) experiment to test theory, by predicting fresh facts 
from experiments; 

(d) comparison of experimental 
predicted by theory; 

(e) approval, modification or rejection of theory accord- 
ingly. 

In making a decision, a manager should follow precisely 
this same five-stage cycle. To show the comparison it is 
now described in managerial terms. 

(a) Collection of facts; this is the market survey, the 
experts’ report, the prices streaming in on the ticker 
tape, the odd item at the bottom of the page in the 
newspaper, the rumour reported by the foreman that 
the men in the foundry are thinking of handing in 
their notices, and so forth. 

(b) Enunciation of theory; this is the statement of man- 
agement policy, the belief of the manager that on 
these facts—supplemented by facts already known— 
it is possible to do such and such, like making a 
particular product, or settling the dispute for half a 
crown, or making a bid for So-and-so’s shares at 
thirty shillings, and so forth. The statement of 
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managerial policy shall include a specification of all 
the signs by which it can be recognised that the 
policy is likely to work. 

(c) Action to carry policy into effect; this begins at the 
early stages—in a very large capital venture, for 
example, with careful preparation and design, per- 
haps a pilot plant; in buying shares, with preliminary 
conversations, in settling disputes, with tentative 
offers, and so forth. The effects of these kite-flying 
ventures are carefully observed. 

(d) Comparisons of results actually achieved with re- 
sults predicted by the policy; this is a measurement 
of the extent to which the first sales meet the expec- 
tations of the canvassers; whether the design of the 
prototype performs as well as the engineers forecast; 
whether the cost of the jigs and tools is going to be 
within the estimates, and so forth. 

(e) Confirmation or otherwise of original policy; this 
will be the decision to go ahead, to change the 
original design, to collect more facts; even, at times, 
to specify new controls if the originals are found 
not to be sufficiently discriminating. 

In brief these five steps are: survey, specification, 
action, control and decision, followed repeatedly through 
the same sequence. The importance of this operational 
model is to emphasise the order of managerial activity 
and, in particular, to draw attention to the control func- 
tion. Many management decisions are incomplete because 
they do not specify how, from the earliest moment, it 
can be known whether the policy is likely to succeed. 
Only if the manager knows not only his goal, but the 
path to it, is he likely to get there, and only then if he 
knows when and where he has strayed. To know that one 
is wrong may be disheartening, but it is better than not 
knowing it. Perhaps in twenty years these optimistic 
analogies of administration with the scientific method will 
also know where they have got to? 


Harbingers of Scientific Management? 

Many observers, including technologists whose respect 
for scientific method appears in their every professional 
act, believe that industrial and economic life (particularly 
those aspects of it that involve the behaviour of human 
beings) is so complex that it is idle to talk about analysing 
it. To them the hopeful student of decision and operation 
has one last reply. Over the past generation the use of 
industrial statistics has been slowly changing. There was 
a time when the business of the accountant was to prepare 
historical records for tax purposes, for the chairman's 
annual report, for the auditors, to detect fraud and even 
at times to suggest on what activities the money had been 
spent. He was a custodian, a kind of jailer watching to 
see that no single coin escaped or was released without 
due authority. Personnel records, too, were kept to show 
what kind of attendance or sickness record a man had 
in case he should ever be regarded as a candidate for 
promotion. Production records were kept to show break- 
down or idle time of machines, to account for waste or 
for fitters’ wages or replacements. The whole purpose of 
statistics was to provide an historical record. In at least 
one case even the barometric pressure was taken and 
entered on a form for the works manager to sign at the 
end of the month. But now there is a more intelligent use 
of such statistics. They are employed to contrast actual 
performance with expected performance, for this is the 
whole idea behind standard costing and budgetary control. 
It is also the principle behind inter-firm or inter-factory 
comparisons, pointing out not only the fact but also 
suggesting why one factory has, for example, a better 
morale or a lower labour turnover than another. Properly 
used, it is essentially the scientific method, because stan- 
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dards cannot be set in the first place without careful 
collection and arrangement of the facts, nor without laying 
down a policy suggested by these facts. 

Suppose one is managing a chemical plant that raises 
high-pressure steam to drive generators. The intermediate 
pressure may drive secondary plant like compressors or 
pumps, the low-pressure steam may be used for the pro- 
cesses themselves and any residual for heating the canteen. 
Then the basic engineering and technology of the plant 
would include estimates of how much fuel needs to be 
consumed in the first place, and at what pressures and 
temperatures the steam should be reaching the various 
points at which it is to perform its useful work. The 
designer of the plant would know what specifications of 
working cost and performance were possible; this would 
be based upon accurate information about such features 
as the calorific value of the coal, the character of the 
boilers, turbines and other plant and the insulating pro- 
perties of the lagging. But a good managerial system 


would not be content merely to know that it had employed 
the best designer it could find. It would ensure that the 
whole system was adequately metered, so that the per- 
formance at all stages—generation, transmission and con- 
sumption—was up to the standard of the original design 
subject only to non-assignable random variations, The 
assessment would be made in terms of chemistry, engineer- 
ing, economics, man-power and general manageability. 
The cardinal point is that the metering system, including 
the costing, the manual man-hours, the number of fore- 
men, chargehands or maintenance workers, as well as the 
readings of the gauges is comparing what is actually hap- 
pening with what was expected to happen. It is then up 
to the management to explain the differences by identi- 
fying their causes. Is this not the scientific method creeping 
into operations proper, and has it not still a long, long 
way to creep, even if, like professors of administration 
confronted with practical men, it must do so on its hands 
and knees? 


Unique £50,000 Electric Smelting Furnace Plant Service for Industry 


CONTRACTING service for electric smelting stated 

to be unique in this country has recently come into 
operation at the Aldridge premises, north of Birmingham, 
of Birlec-Efco (Melting) Ltd. The basis of the new service 
is an experimental electric pilot smelting furnace, built with 
its attendant facilities at a cost of some £50,000, which 
offers to customers who may be considering the installa- 
tion of this type of plant the advantage of testing their raw 
materials in trial batches, thereby determining their suit- 
ability for electro-thermal reduction, for appraisement of 
the best smelting techniques and the nature of the resultant 
products. 

For a fee agreed in advance, full-scale testing of 
customer’s raw materials will be undertaken, the finished 
products, balance of materials and a full report giving 
recommendations on smelting practice, electrical ratings and 
size of installation required for a given output being 
presented to the customer. 


Furnace Designed for Versatility 

The experimental smelting furnace has a shell of 8 ft 
internal diameter and is situated at one end of a building 
specially designed and built for the purpose. It is surrounded 


While the smelting process is being carried out in the 

Birlec-Efco pilot smelting furnace, the operator 

rabbles the charge breaking up the crust which forms 
on the surface. 
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by a charging platform at a height of 9 ft from the main 
floor level, the furnace controls being suitably housed in a 
panel adjacent to the furnace operating platform. 

With a nominal rating of 350kVA, the furnace is 
designed to be as versatile as possible, numerous voltage 
tappings being provided in order that as wide a range of 
smelting applications as practicable can be covered. To 
determine the effect of shell rotation for different smelting 
operations, the shell can be rotated or oscillated in either 
direction at varying speeds. Three tapholes are provided, 
the levels of which can be altered for slag or metal. They 
are served by a mono-rail beneath the platform, forming a 
loop surrounding the shell. The mono-rail carries slag pots 
or metal ladles. Several thermocouples are built into the 
refractory lining to monitor the temperature of the hearth 
and side walls at different points. 

The furnace is equipped with holders suitable for 8-in.- 
diameter electrodes which can be of amorphous carbon or 
graphite according to the requirements of the tests. Smaller 
electrode holders can be fitted if necessary, The electrode 
clamps are arranged for remote control by pneumatically- 
operated cylinders, The furnace can operate as an open-top 
furnace or the top can be closed by the addition of a roof. 
It is also arranged for fume removal or gas extraction. 

The furnace is capable of smelting calcium carbide, iron 
ores, manganese ores, production of ferro-silicon and ferro- 
chrome, nickel and copper concentrates, treatment of slags 
and many other electrothermal processes. The installation 
is also equipped with laboratories and carries a competent 
staff to carry out any necessary development work 
undertaken. 


Competitive with Blast Furnace 

At a Press conference held by the company during 
February, a spokesman for Birlec-Efco stated that the 
company’s research staff were proposing to undertake a 
programme of research on the pre-reduction of ores before 
smelting. Successful development of this process would 
bring about a significant reduction in the power require- 
ments of the furnace. This could mean that the use of 
electric smelting furnaces in this country (normally de- 
barred because of the high cost of electric power) for such 
operations as pig iron smelting could become competitive 
with the blast furnace, which is the present method used 
for the production of pig iron in this country. 


263 





66.013: 658.22.003.2 


THE CHEMICAL PLANT 


CONTRACTOR 


AND THE MANUFACTURER 


How contractor and manufacturer can successfully work together and 


PART I 


by M. DAVIDMANN, B.Sc. 


HE relationships between the chemical plant contractor 
and his customer, the chemical manufacturer, at first 
sight appear to be complex. In one case the contractor may 
offer advice, in another a complete chemical plant embracing 
a number of unit operations and services. He may carry 
out work on a manufacturer's process, from the initial idea, 
through process research, to the handing over of the pro- 
duction unit, or he may be concerned with site erection 
only. He may operate or maintain the plant he has built, 
or both, and be paid for his efforts in a number of ways. 
The contractor fabricates plant items in his works and 
the manufacturer produces and sells the products of the 
completed plant. In between lies the provision of chemical 
plants, and it is in this field that the activity of contractor 
and manufacturer overlaps. 

A “chemical plant” is a production unit which converts 
One Or more raw materials to one or more marketable 
products. The marketable product from one chemical plant 
may be the raw material for the next. Chemical plants are 
built up from “unit chemical plants”. A unit chemical plant 
is one in which a unit operation is carried out, so that chemi 
cal plants consist of one or more unit chemical plants. For 
convenience we here refer to “plants” and “unit plants’. 

The difference between one plant and another lies not in 
the pipes and shells, but in what takes place inside them 
and how it takes place. It thus lies in the types and sequence 
of unit plants used, and the operating conditions. 

It follows that we can distinguish between plant con- 


an analysis of activity between “work units” is made 


structors and plant contractors, Of the functions listed in 
Fig. 1, the plant constructor is concerned solely with 
functions such as mechanical design, fabrication, buying 
and site erection, whilst the plant contractor includes in 
his work chemical engineering design and commissioning. 

No distinction is drawn here between manufacturers and 
those Government work units which are concerned with 
the provision and/or use of plants in general. The same 
arguments apply to both. 

What is said here to apply between manufacturer and 
contractor in general applies equally well between con- 
tractor and sub-contractor. 


Types of Contract 

When the contractor offers unit plants or plants, based 
on a process which he owns or on one which is generally 
available and of which he has experience, he quotes a firm 
price. His responsibilities can be and are defined with respect 
to operation and performance. For the larger projects, the 
so-called “turnkey” projects, the unsuccessful contractors 
may expect some recompense for quoting, or else decline 
to quote at all. The extent of the customer's capital expendi- 
ture and of the work required from the contractor is known 
in advance. Whether or not a price variation clause is 
included depends on the customer’s requirements and on 
policy recommended by the contractor’s trade association. 
The customer may be a manufacturer or another contractor. 
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Fig. 1. Division of work. 


The contractor may also enter into a contract with a 
manufacturer when the extent of work required is not 
known. Here the manufacturer, in addition to paying for 
the cost of the work, also pays a fee. It is this type of con- 
tract which is used when the contractor assists the manu- 
facturer by designing a plant for a new process which 
belongs to the manufacturer. It involves closer supervision 
by the manufacturer of the contractor’s work. The fee is 
paid for the contractor’s services and experience and thus 
includes his profit. Whether the fee is a fixed sum or a per- 
centage of the cost depends on the degree to which the 
extent of work required from the contractor is known at 
the time the contract is prepared. A contractor who assists 
a manufacturer with design work on a new process up to 
the point where an estimate can be given, having been 
paid a fee for this work, may expect* to be given the contract 
on a negotiated basis, without competition, should the manu- 
facturer decide to install such a plant, and may expect a 
further fee in the event of the manufacturer deciding not to 
proceed with the process. 


Demand for Planis 

A market exists for a new chemical product, the market 
for an existing chemical expands or a new market is found, 
or present methods of production are obsolete. As a result, 
the potential or present manufacturer requires new produc- 
tion facilities, that is, plants.2 These may be provided solely 
by the manufacturer’s engineering organisation, by an 
independent contractor, or by the manufacturer’s engineer- 
ing organisation assisted by contractors. Sub-contractors 
provide unit plants and plants to contractors, and also to 
the manufacturer’s engineering organisation. 
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Fig. 2. Field of activity. 


Relationship between Contractor and 

Manufacturer 

A fundamental relationship exists between manufacturer 
and contractor. The manufacturer’s task is to produce and 
the contractor is the specialist who provides him with the 
plant for doing this. The manufacturer exercises his choice, 
as regards type, form and quality of product, size of pro- 
duction unit, process and contractor and is responsible for 
the consequences. The contractor offers a specialist service 
and prescribes. 

The fundamental relationship between them is functional 
and this is illustrated by the usual penalty clauses. The 
contractor may lose part or all of his profit, without neces- 
sarily suffering direct loss even when having to make good 
the defects, should the plant he has supplied not perform 
in accordance with his guarantee. The manufacturer, 
responsible for the consequences of his choice, bears the 
resulting losses such as those caused by loss of production 
due to initial malfunctioning or through a delayed start-up. 

A similar functional relationship exists between the 
manufacturer’s producing and engineering organisations, 
as well as between contractors and sub-contractors. 


Division of Work 

A number of authors have given examples of the division 
of work between manufacturer and contractor. As seen 
from Fig. 1, both the manufacturer and the contractor may 
provide complete plants, each carrying through the work 
from process research to the commissioned and operating 
production plant. They either do this work entirely on their 
own or it may be divided in varying ways between them. 
Contractors have been known‘ to carry out under contract 




















FIG. 8A.- LARGE MANUFACTURER 





the operation and maintenance of the plants they have 
designed and installed. The diagonal line in Fig. 1 defines 
the division of work between them for the cases illustrated. 

The contractor provides unit plants and plants, based on 
his Own or on generally available processes or based on 
processes for which he has taken out a licence. It is the 
contractor who is in general concerned with research into 
design methods and design data. 

It is seen from Fig. 2 that the manufacturer may provide 
the plant himself, or sub-contract work to constructors, or 
use contractors. The contractor may sub-contract work to 
constructors but, in general, does not do this. 


Activity 

The actions which take place between contractor and 
manufacturer can be recorded as shown by Fig. 3. The 
vertical lines represent the work units concerned, an action 
is recorded as a horizontal line, the disc indicating the work 
unit which carries out the action. An arrow indicates the 
direction in which the action takes place. Each action is 
identified by a reference number or letter, thus: 

1. Defining requirements, e.g., sending inquiry. 

2. Prescribing, e.g., sending quotation with performance 

guarantee. 
. Deciding, e.g., sending order. 
. Commissioning. 
. Proving, e.g., carrying out of guarantee test. 

Fig. 3 shows the normal contracting activity, for an 
established process. Fig. 3 (a) shows the activity between 
contractor and manufacturer, Fig. 3 (b) that between a 
manufacturer’s engineering and production departments. 
As regards contractor and manufacturer, the activity is not 
affected by whose process it is, the difference lying in the 
amount of information contained in the inquiry to the con- 
tractor rather than in the activity. In case 3B, however, the 
process belongs to the manufacturer. In case 3A process 
data are disclosed by one organisation to another; in case 
3B this does not matter as both work units are part of the 
same organisation. Action in case 3B would be by agree- 
ment between the two work units rather than following a 
decision made by one or the other, and thus it may be 
difficult to assign responsibility. Basically, the activity for 
cases 3A and 3B is the same, the manufacturer’s engineer- 
ing department being a contracting organisation, that is, a 
contractor. In each case it is assumed that the contractor 
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FIG. 8B.- LARGE MANUFACTURER 
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FIG. 8C. - SUBCONTRACTING 





has to carry out a guarantee test so as to prove the per- 
formance of the plant to his customer. 

Fig. 4 shows normal sub-contracting activity for estab- 
lished processes. Activity between sub-contractor and con- 
tractor is the same as that between contractor and manu- 
facturer. The sub-contractor, however, deals with only part 
of the complete process or plant, and there is now exchange 
of process and design information between two contractors 
who are potential competitors. The same would seem to 
apply, although perhaps not obviously so, to the activity 
between the contractor and the manufacturer’s engineering 
department. 

Activity between contractor and the engineering depart- 
ment is similar to that between the engineering and produc- 
tion departments. There is then no difference in sub-contract- 
ing activity between cases 4A and 4B and the function of 
the engineering department is again that of plant contract- 
ing, but the manufacturer has kept confidential within his 
own organisation a considerable amount of process and 
design data. 

However, the manufacturer’s engineering department has 
now accepted some responsibility as regards the contractor 
to whom part of its work is sub-contracted. It has to state 
requirements and select a suitable sub-contractor, and to 
that extent it is now vulnerable. Having to make decisions, 
it may be blamed for consequences which, as likely as not, 
may have been caused in the first place by divided responsi- 
bility within the manufacturer’s organisation. It is again 
the plant supplier who proves to his customer that his 
guarantee has been maintained. 

The larger manufacturing organisation further sub- 
divides its work, as illustrated by Fig. 5, again for established 
processes. The manufacturer’s organisation may now con- 
sist of two associated companies, one of which provides 
the plants, while the other operates them. The producing 
company, in addition, has now its own technical department 
to give technical advice to the production department. 
Again, the contracting activity is the same as that found 
before and the same comments apply. In addition, responsi- 
bility is now likely to be divided threefold as shown, and 
the technical department may be interposed between the 
production department and the associated engineering 
company. Decisions are likely to be made by committee 
meeting and, as responsibility is divided, difficulties are 
likely to occur; they will occur repeatedly because they 
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are more likely to be explained away instead of their cause 
being established and the lesson learned, Process informa- 
tion is thus kept confidential and restricted to within the 
manufacturer’s organisation at some considerable cost. 

The manufacturer’s associated engineering organisation, 
no matter whether this is an engineering department or an 
engineering company, has no competition to meet. On the 
other hand, the manufacturer who discloses his process 
data to independent contractors has to disclose them to at 
least two of them, should he require competitive tenders, 
thus increasing the chances of these data being disclosed to 
others to his disadvantage. 


Analysis of Activity 

The activity between a number of related work units 
has been illustrated and analysed previously.’ Here we are 
concerned with analysing the activity between a number of 
work units in a functional relationship to each other. Con- 
sidering two work units at a time, we can build up a picture 
of how contractor and manufacturer actually work, and 
how together they should work. 

Functional relationships between executives in different 
work units have also been previously defined. Of two 
executives in a functional relationship, one is_ the 
“responsible” executive, the other is the “prescribing” 
executive. Each executive is responsible to his own executive 
superior, and to no one else. The “responsible” executive 
is responsible also for obtaining specialist advice, for 
accepting or rejecting it, and for reporting useful results 
back to the specialist. The “prescribing” executive carries 
responsibility for giving specialist advice, that is, for 
prescribing, and for the quality of his prescription. 

The advisory functional relationship between two execu- 
tives in different work units is thus characterised by the 
following sequence of actions: 

(a) Defining requirements. Request for service, from 

responsible executive to prescribing executive. 

(b) Prescribing. Advice from prescribing executive to 

responsible executive. 

(c) Deciding. Responsible executive accepts or rejects 

prescription. 

(d) Reporting useful results. From responsible executive 

to prescribing executive. 

The division of work and the functional relationships 
between work units carrying out design and research work 
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were analysed and defined in reference 8. The contractor’s 
technical department is responsible for design work. It is 
assisted in this work by the research department which 
prescribes. The research department is responsible for 
research work on new processes and here it is the technical 
department which prescribes. 

These functional relationships between the contractor’s 
research and technical departments are illustrated by Fig. 6, 
on the basis of the actions which occur. Vertical lines 
indicate the work units and horizontal lines represent 
actions. To indicate that the actions occur between two work 
units in a functional relationship, the “responsible” work 
unit is indicated by a thick vertical line. The ditection in 
which the action takes place is also shown. 

Further actions enter into a functional relationship when 
an order is placed, the “prescribing” executive guaranteeing 
his prescription. In the course of comparing actual with 
predicted results, he then has to ensure that actual results 
are equal to, or better than, predicted results, as he is 
responsible to his own executive superior for the guarantee 
he has given. Further, the “responsible” executive may wish 
to prove to the “prescribing” executive, by carrying out a 
guarantee test, that the guarantee has not been maintained. 

Each of the two executives in a functional relationship 
is responsible also for the quality of his work to his own 
executive superior. Therefore, each is responsible for com- 
paring predicted with actual results and for correlating the 
conclusions so as to improve the quality of his work. The 
“responsible” executive, who has predicted requirements, 
has to find out the extent to which his prediction, and his 
decision to accept one préscription rather than another, 
satisfies actual requirements. The “prescribing” executive, 
whose prescription has been accepted, has to find out how 
actual results compare with predicted results. 

In addition, the “responsible” executive exercises his 
choice, accepting or rejecting the prescription; for example, 
choosing between competing contractors, being fully 
responsible to his own executive superior for the conse- 
quences of his decision. 

Allowing for these additional actions, the contractual 
functional relationship between the two executives is then 
characterised by this sequence of actions: 

(1) Defining requirements. Responsible executive requests 

a service from prescribing executive, defining his 
requirements. 

(2). Prescribing. Prescribing executive gives advice to 
responsible executive, guaranteeing results. 

Deciding. Responsible executive accepts or rejects 
the prescribing executive’s prescription. 

(4) Comparing with prescription. Prescribing executive 
compares actual against predicted results and ensures 
that his guarantee is maintained. 

(5) Comparing with requirements. Responsible executive 
compares the extent to which aetual requirements are 
satisfied as a result of his prediction of requirements 
and of his decision. 

(6) Proving. Responsible executive proves to the pre- 
scribing executive that the guarantee has not been 
maintained. 

(7) Reporting useful results. Responsible executive reports 
to prescribing executive any results which may be of 
use to the prescribing executive. 

This sequence of actions is the complete sequence, but 
not all the actions need occur in any particular case. For 
example, action 6 should occur only when it is thought 
unlikely that the guarantee will be maintained or when 
it has not been maintained. 

We refer to work units as being “responsible” and as 
“prescribing”. It is individuals who are “responsible” and 
who “prescribe”. When reference is made to work units as 
“responsible” or as “prescribing”, this is merely a con- 


(3 


~— 





267 














venient way of referring to an executive in a work unit. For 
example, the statement “technical department is responsible” 
is a shortened version of “in the functional relationship 
between an executive in the technical department and an 
executive in the other work unit, it is the executive in the 
technical department who is the ‘responsible’ executive”. 

Fig. 7 illustrates the complete sequence of actions, as it 
ought to take place, for a contract between contractor and 
manufacturer. The work unit which carries out the action 
is indicated, for each action, by the disc. 

The contractor “prescribes”, gives a performance guaran- 
tee, and an order is placed. Within the contracting 
organisation there should then be executives responsible to 
their executive superiors for giving prescriptions to the 
manufacturer, and for the quality of the prescriptions. In 
so far as this analysis is concerned, these executives would 
then be responsible to their executive superiors for the 
design of the plant, for giving the performance guarantee, 
and for ensuring that this is maintained, as illustrated on 
Fig. 7 by actions 2 and 4. 

The manufacturer is “responsible”. There should then 
be executives within the manufacturing organisation who 
are responsible, to their executive superiors, for obtaining 
specialist advice while stating their requirements (action 1); 
for accepting or rejecting this while being fully responsible 
for their decision (action 3); and for reporting useful results 
to the contractor (action 7). Such executives should similarly 
be responsible for determining the extent to which actions 
1 and 3 have satisfied the organisation’s requirements (action 
5). They should also be responsible for proving to the con- 
tractor, should the need arise, that the guarantee has not 
been maintained. 

There are thus two types of functional relationship. In 
the first, the expert advises, to the best of his ability, and 
an example of this is illustrated by Fig. 6. In the second 
the expert prescribes, guarantees results, the prescription 
is accepted and an order is placed for the service, an example 
of this being illustrated by Fig. 7. These two types of func- 
tional relationship are the basic building blocks from which 
we can assemble the various ways in which plants can be 
provided, responsibility being clearly defined at each step, 
so that the work is done without duplication of effort and 
without division of responsibility. We can then compare 
the chain of activity with that occurring in practice. 

Fig. 8 shows the actions which take place when the two 
types of functional relationship combine in particular cases. 
Fig. 8 (a) illustrates the manufacturer’s internal organisa- 
tion when it consists of associated engineering and producing 
companies. It is, however, appreciated that the technical 
department's function is that of advising the production 
department, who are thus “responsible”. Let us assume that 
the technical department advises on overall process 
economics. The production department receives the technical 
department's advice and makes its decision; then the asso- 
ciated engineering company is asked to provide the plant. 
Should the production department also ask the technical 
department to assist in comparing competitive tenders, then 
the activity would be as illustrated in Fig. 8 (b), which gives 
the general case irrespective of whether the contractor is 
tied or independent. Fig. 8 (c) illustrates the activity when 
contracting and sub-contracting, and again this applies 
irrespective of whether the contractor is independent or tied. 
The contractor bears a similar responsibility to the sub- 
contractor as the manufacturer does to the contractor. 

To show the more complex chains of activity, simplifica- 
tion is necessary. In each case we are considering one 
specific function, and the work unit which is responsible for 
carrying it out is shown by a square. Supplying and advising 
work units are shown by circles. They, in turn, may need 
supplies or advice from other work units and these units 
are also indicated by circles. Contractual and advisory 
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relationships are represented by continuous and broken 
lines respectively. The work unit which is “responsible” is 
marked by the usual disc in each functional relationship. 

Just a few of these chains of activity are shown in Fig. 9. 
Of these, Fig. 9 (a) shows the contractual functional relation- 
ship between manufacturer and contractor and Fig. 9 (b) 
the advisory functional relationship between a design group 
and a research work unit, when the design group requires 
research work to be carried out on basic design data and 
design methods. Fig. 9 (c) illustrates the activity between 
a research unit which requires a pilot plant, the contract- 
ing unit requiring research work to be carried out on some 
aspect of its own work. Fig. 9 (d) illustrates the case where 
a work unit such as a manufacturer’s technical department 
evaluates process economics. Here both the research and 
the contracting units act in an advisory capacity, the 
contracting unit, in turn, requiring research work to be 
done in connection with the advice it has to give to the 
process evaluating work unit. Fig. 9 (e) shows how a 
prototype plant may be provided, including sub-contracting, 
and Fig. 9 (f) how a contractor may obtain advice from one 
manufacturer so as to provide a plant to another. 

It is seen that activity is in no way affected by the con- 
tractor’s independence or of dependence upon a particular 
manufacturing organisation, It is also seen (Fig. 9 (d) ) that 
the contractor may be providing to a manufacturer advice 
only, in the form of quotations, To summarise : 

(1) The contractor’s customer has to test the extent to 
which his requirements have been met. To a consider- 
able extent this is now being done by the contractor. 

(2) The contractor’s customer has to prove that a 
guarantee has not been maintained. It would appear 
that in general it is the contractor who is being asked 
to prove that it has been maintained. 

(3) In the contractual functional relationship between 
contractor anid sub-contractor, it is the contractor who 
is “responsible”. When quoting to his customer, the 
contractor must then accept the consequences of 
his decision to choose one sub-contractor rather than 
another. It is thus up to the contractor to ensure that 
his sub-contractor offers a guarantee equal to, or bet- 
ter than, that given by the contractor to his customer. 

(4) The manufacturer’s associated engineering organisa- 
tion, no matter whether it is an engineering depart- 
ment or an engineering company, is a contractor and 
thus a potential competitor of the independent con- 
tractor. Any process or design information disclosed 
by an independent to a tied contractor is likely to be 
used by the tied contractor to the disadvantage of the 
independent contractor. This would also seem to apply 
between contractor and sub-contractor. 

(5) Some contractors are tied to one particular manufac- 
turing organisation; others are independent. 

(6) The independent contractor has to sell the plants he 
provides in competition with other contractors. The 
tied contractor meets no such competition and his 
manufacturing organisation may have organised its 
work in such a way that plants are unlikely to be 
provided effectively for this reason alone. 

(7) The tied contractor’s purpose is not to provide plants 
effectively, but to prevent process information from 
leaving the parent manufacturing organisation. 

(8) The customer does not report useful results to the 
contractor. The tied contractor clearly will not pass 
useful results to a sub-contractor. There is thus a 
decided lack of communication and this would indi- 
cate conflict, the indications being that it is caused 
by disclosure of process and design information. 

(9) Two relationships exist between manufacturer and 
contractor, dependent on whether or not an order is 


placed. The first is contractual; the second, advisory. 
To be continued 
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by S. C. BANERJEE 


and 
L. K. DORAISWAMY 


cess engineering calculations is well known. Charts have 
appeared in the literature for about 20 systems, covering 
one or more phase regions depending on the availability of 
data. In this article an enthalpy-concentration chart for 
the system urea-water has been constructed from published 
data. : 

The datum temperature selected is 25°C, since heat of 
solution data for various concentrations are available at 
this temperature. The base isotherm is established starting 
from the apparent molal enthalpy relation proposed by 
Gucker and Pickard,’ which has been modified to give: 

H’ = —85.87m’ + 6.815m'® —0.4569m‘ + 0.01471m* 
ee 
To convert Equation (1) into conventional engineering units, 
the following relations are used : 


a usefulness of enthalpy-concentration charts in pro- 


H’ 

H = 1000 + 60.06 m ED 
60.06 m 

* = 7000 + 60.06 m +00 


Assuming various values of m, the corresponding values 
of H’, H and x are determined from Equations (1), (2) and 
(3) respectively; the base isotherm relating x and H is then 
drawn, keeping in mind the fact that in Equation (1) a 
negative sign has been used to indicate heat absorption 
which is contrary to the engineering convention followed in 
constructing our chart. 

Isotherms at other temperatures are established from 
specific heat data? for solutions of various concentrations 
using the equation: : 


H, = Ha + | (Goxdr _— 
t 
25 


The term jc ») x dt is evaluated by graphical integration 


25 
The results are plotted to give isotherms relating H and x 
for various temperatures. The available data do not permit 
extension of the chart to include other phase regions. 
A use of the chart is illustrated by the following sample 
calculation : 


Example 

10 g. of a 20% solution of urea at 30°C are added to 40 g. 
of a 35% solution of ufea at 5°C, What is the temperature 
of the final mixture? 


Solution: From Fig. 1 
enthalpy of 20% urea 30°C = —13.5 cal./g. 
enthalpy of 35% urea 5°C = 5.4 cal./g. 
Total enthalpy = (10 x 5.4) + (40 x —13.5) 
= 54 — 540 = —486 cal. 


= —9.72 cal./g. 


Final concentration = (10 x 0.2) 3 (40 x 0.35) 


— 486 


or 0 








= 0.32 or 32%. 
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ENTHALPY-CONCENTRATION CHART 
FOR THE SYSTEM UREA-WATER 


Temperature corresponding to x = 0.32 and H = —9.72 
is read from the figure as 10.2°C. 
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List of Symbols 
(Cy)x = heat capacity of solution of concentration x, 
cal./g.°C; 


H’ = enthalpy of urea solution, cal./1000 g. water 
+ m moles urea; 
H = enthalpy of urea solution, cal./g. solution; 
m = molality, moles urea/1000 g. water; 
M = molecular weight of urea, 60.057; 
t = temperature, °C; and 
x = wt. fraction of ufea in solution. 











H,Cais./g solution. 
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Fig. 1. Enthalpy-concentration diagram for solutions 
of urea in water (datum temperature 25°C). 
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SOME RECENT SOVIET RESEARCH 
ON EVAPORATION 


Three Russian papers on chemical plant evaporators of 
interest to British chemical engineers are reviewed 


by J. JACKSON, B.Sc. 


PERATION and design of chemical plant evaporators 
have recently been the subject of Soviet publications. 

The paper by Ushatinskii and his co-workers of the 
Sverdlov branch of the Institute for the Study of Chemical 
Plant (NIIKhIMASh)' is concerned with the prevention 
of scaling in evaporators. For this purpose, a seeding tech- 
nique is used. Either the evaporator is operated so that a 
sufficient number of nuclei of the deposit-forming substance 
are present (this method is used with highly soluble sub- 
stances, such as common salt, sodium carbonate and sodium 
sulphate) or nuclei are deliberately introduced (this is used 
with substances of low solubility, such as calcium carbonate 
and calcium sulphate). Under these conditions, the scaling 
substance is deposited on to the nuclei and not on to the 
metal surfaces of the evaporator. 

The seeding technique appears to have been extensively 
tested. In the first stage, tests were carried out on the 
evaporation of sodium sulphate solutions in four different 
single-effect model forced-circulation evaporators, contain- 
ing respectively one, three, four and seven tubes, This was 
followed by tests on a double-effect semi-technical forced- 
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circulation evaporator, and finally by tests on a full-scale 
industrial evaporator. The number of model evaporators 
available for experimental work at Sverdlov should be of 
interest to institutions concerned with evaporator research 
in this country. An illustration of the model single-effect 
evaporator containing seven tubes is shown in Fig. 1. It 
will be noted that a riser tube is fitted above the calandria 
so as to ensure that boiling does not take place in the tubes; 
this arrangement was adopted in all the model evaporators. 
The evaporator is also designed for the continuous removal 
of the finished product. 

Unfortunately, it was not possible to carry out the tests 
on the full-scale evaporator (see Fig. 2) under ideal condi- 
tions. The evaporator design was such that the calandria 
was arranged immediately beneath the flash vessel, while 
the liquor being evaporated was contaminated with ex- 
traneous solid impurities. The results of the tests carried 
out under these conditions are shown in Table I. The 
circulation velocities used (1.8-1.9 m./sec.) were considered 
to be somewhat low and velocities of 2-2.5 m./sec. would 
have been preferred; the proportion of the solid phase 
present was also less than would be recommended. Even 
so, it was found that the evaporator could be operated for 
1-14 days without washing, and with a mean value of the 


British Chemical Engineering 

























heat-transfer coefficient close to the original value. It is 
regrettable tha: no indication is given in the paper of the 
performance of the same evaporator under non-seeding 
conditions. 

Some information on evaporation research in the sugar 
industry in the Soviet Union and on improvements in 
design resulting from this research is given by Tobilevich 
and Shchegolev.? These authors divide up the overall resist- 
ance to heat transfer R, as usual, into the four individual 
resistances : 

Ri + Rw + Ra + Re (m2? hr °C/kcal.) 


where R: = resistance for condensing steam; 
Rw = resistance of tube wall; 
Ra = resistance of dirt layer; and 
R:2 = resistance of boiling juice. 


From an experimental study of a number of evaporators, 
details of which are not given, it was found that, for 
average operational conditions, the relations between the 
individual resistances and the overall resistance could be 
represented by the data given in Table Ilr 

The results show that for the evaporation of sugar solu- 
tions, a reduction of the resistance R: can be of importance 
only for the first two effects. The most important resistances 
are Ra and Ro, and attention must be directed in design 
mainly to the reduction of these resistances. 

Experiments were carried out to study the effect of 
various factors on Re. It was found that, as shown in Fig. 3, 
the heat-transfer coefficient was not uniform over the tube 
length. In general, there are portions of the tube where the 
heat-transfer rate is high (the boiling section where an 
annular type of flow occurs) and portions where it is low 
(the heating section in the lower part of the tube, and the 
section in the upper part of the tube where the vapour / juice 
mixture has a high vapour content). The proportion of the 
tube length occupied by these different regions depends on 
the circulation velocity. 

At low circulation velocities, the heating section will be 
small, since only a small amount of liquid enters the tube. 
On the other hand, the section containing boiling liquid 
with a high vapour content becomes large, and above this 
there is a section containing what is effectively wet steam. 
As a result, the heat-transfer coefficient averaged over the 
whole tube length is reduced, By increasing the circula- 
tion velocity, the formation of the section containing liquid 
with a high vapour content is avoided, but at the same 
time, the extent of the heating section is increased. The 
size of the heating section also depends, however, on the 
hydraulic resistance to the liquor flow, and this in turn 
depends mainly on the resistance offered to the outward 
flow of juice from the tubes by the layer of vapour /liquid 
mixture above the top tube-plate. By reducing the depth of 
this layer, the resistance to flow is reduced, and consequently 
also the size of the heating section. 

The authors claim that these considerations have been 
taken into account in the design of the new TsINSa-VTs 
evaporator for use in the sugar industry (Fig. 4). As shown 
in Fig. 4, this evaporator has a top tube-plate (2) con- 
structed with two sloping surfaces arranged at an incline 
of 1:20 to the verticai shell; this-is said to enable the 
circulating juice to flow quickly from the evaporator body 
into the downcomers (5). These are fitted externally to 
the shell, a feature which is also said to improve the circula- 
tion, and thus to give higher natural-circulation velocities 
while at the same time increasing the heating section of the 
tubes by the minimum amount. The sloped arrangement 
of the bottom tube-plate (1) enables condensate to be com- 
pletely removed from the steam chest through the collecting 
vessel (3) and the pipe (4). The calandria is fitted with the 
maximum number of tubes, and only one central channel 
is left for the introduction and distribution of the steam. 

One of the most exhaustive theoretical studies of evapora- 
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TABLE I—Results of Tests on an Industrial Evaporator 






































i Circula- Overall Content of | Heat-transfer Ki/Km 
of Test tion — Solid Coefficient 
(hr) Velocity iff. Phase* | (k.cal./m.* hr. °C) x 
(m./sec.) ec) % = 
Initial | "dean 
Ki Km 
12 1-9 19-5 8-12 2450 2450 100 
25 1:8 19-5 8-12 2500 2300 92 
27 19 19-5 15-20 2500 2300 92 
40 1:8 19-5 5-20 2540 2360 93 
32 1:8 19-5 8-20 2540 2400 95 
17 19 19-5 8-20 2600 2400 92-5 
6 19 19-5 10-20 2670 2670 
*By weight 


TABLE Ii—Relation Between = and Overall Resistances for Various 
ects 











Resistance Proportion of Overall Resistance (%) 
First effect Second effect Third effect Fourth effect 
Ry 20 10 6 4 
Rw 5 a 3 1 
Ra 30 36 31 25 
R; 45 50 60 70 

























































































3 - HEAT TRANSFER COEFFICIENT 
J 
S43 g 
wm ° 8 ° 
| 7 
ww 
ne 
j 
b 
z Ei 
© gq 
z m- | 
Siw ik: 
w 3 Wi 
@Q f 6 
p=) ' ' 
- Z 
Wipe L 
w |p 
m ifs: 
no ii 
rit ( 
q LIQUID INLET 








Fig. 2. Variation in heat-transfer coefficient (kcal /m? 

hr °C) over the tube length. (1) Heating section. 

(2) Boiling section. (3) Emulsion section. (4) Plug flow 

section. (5) and (6) Annular flow section. (7) Wet 
steam. (8) Saturated steam. 
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Fig. 3. Design of evaporator with displaced 
boiling zone for crystallising solutions. 
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Fig. 4. Design of natural-circulation eva- 

porator for crystallising solutions, with dis- 

placed boiling zone and high liquor circula- 
tion velocity in the calandria tubes. 
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Fig. 5. Types of stabilising baffie-in boiling 
vessel (tests on semi-technical evaporator). 
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Fig. 6. Evaporator with heating surface = 10m.’. 


tor operation has been made by Levin in a recent book’; 
on the basis of these studies, Levin has developed another 
new type of natural-circulation evaporator of considerable 
interest, and this has already been tried out on the industrial 
scale, It is intended specifically for use with concentrated, 
viscous or crystallising liquors, i.e., under conditions for 
which a forced-circulation evaporator would normally be 
specified. 

The theoretical analysis of the liquor circulation in 
natural-circulation evaporators is too lengthy and too com- 
plex to reproduce here, An important feature of it, however, 
is that an allowance is made for the fact that the vapour 
and liquid in an evaporator tube move at different velocities. 
Complex equations are derived for the pressure causing 
circulation and for the pressure-drop in the system, but these 
are both functions of the circulation velocity. For a given 
tube length, therefore, the circulation velocity is found 
graphically as the point of intersection of the curves for 
the pressure causing circulation, and the pressure-drop, 
plotted as functions of the circulation velocity. 

Perhaps the weakest part of Levin’s work is his experi- 
mental verification of the theoretical results. This was 
carried out in an apparatus consisting essentially of a 
vertical tube into which air bubbles could be introduced at 
four different points. The tube was not heated, and thus 
no vapour was formed, yet it was claimed that the condi- 


British Chemical Engineering 






















TABLE Ili—Results of Tests on Levin Evaporator with Saturated Aluminate Solutions 


















































Liquor Temperature (°C) Liquor Density Loading of Overall Temperature Heat Transfer Circulation Velocity 
Time Heat Transfer Difference Cc ient (m./sec.) 
(hr) | Pressure | Temp | Evaporator | Tube} Tube | Feed Concen- Surface (keal/m2 hr °C) 
Iniet Inlet | Exit trated Measured | Calculated from 
(atm) | (CC) (kg/m2/hr) (Cc) Heat Balance 

Y 2 2.1 134 16 113 | 116 | 1.22 1.39 93.0 19.5 2750 2.27 2.51 
6 2.1 134 a4 114 118 1.25 1.38 0 18.0 2740 2.62 2.41 
11 1.6 128 79 113 117 1,251 1.37 81.0 13.0 2770 2.54 2.39 
16 1.7 129 79 112 116 1.250 1.33 80.0 15.0 2850 2.70 2.41 
24 1.8 130 80 112 115 — 1.38 96.0 16.6 2940 2.64 2.52 
4 1.8 130 80 114} 118 1.22 1.37 83.6 14.0 2940 2.32 2.25 

8 1.9 132 81 113 116 1.24 1.38 86.0 17.5 2850 2.47 2.20 
12 2.3 136 70 114 119 1.26 1.39 99.0 14.0 2750 2.31 2.24 
16 1.5 126 77 110 | 114 1.212 1.31 88.0 15.5 2800 2.32 2.23 
20 1.6 128 88 113 115 1,212 1.395 88.0 14.0 2800 2.55 ” 2.22 
4 2.2 135 83 114 117 — 1.36 94.0 19.0 2660 — 2.42 

8 1.6 128 85 113 116 — 1.39 92.0 13.5 2800 — 2.31 
12 1.7 129 87 117 120 _ 1.41 38.0 10.5 2740 a 2.32 
16 2.3 136 88 113 117 _ 1.38 92.0 21.0 2650 — 2.38 
18 2.3 136 89 114 118 — 1.39 90.0 20.0 2640 _ 2.32 




















tions were similar to those in an evaporator tube in which 
vapour was being evolved. Although an air/water mixture 
differs, of course, from a steam/water mixture, Levin 
believed that the air bubbles should behave in the same 
way as the steam bubbles. He realised that the velocity 
of entry of the air bubbles must affect the circulation 
velocity he was trying to measure, but claimed that for the 
maximum inlet air velocity of 5.3m./sec. used in the 
experiments, the effect on the circulation velocity did not 
exceed 3%. He also states that good agreement between the 
theoretical and the observed values of the circulation 
velocity was obtained, but unfortunately does not quote the 
experimental data which support this statement. 

Levin then points out that, with concentrated solutions, 
at the low circulation velocities (1.0-1.5 m./sec.) usual in 
natural-circulation evaporators, rapid deposition on the 
heating surface is inevitable if boiling is allowed to take 
place in the tubes. For such duties, therefore, it is essential 
to achieve high circulation velocities and to suppress boil- 
ing in the tubes, The evaporator must be designed so that 
boiling takes place in a special zone outside the tubes, in 
which the formation of the solid phase will take place. 

All these requirements can be satisfied if a suitably high 
liquor level is maintained above the top tube-plate. The 
increase in the pressure above the tubes to which this gives 
rise at the same time suppresses boiling and gives a high 
circulation velocity. The first new design of evaporator 
suggested by Levin therefore takes the form shown in Fig. 5, 
where the necessary liquor level is achieved by locating the 
downcomer inlet well above the top tube-plate. 

Levin has studied the factors which influence the height 
required for what he calls the boiling layer; this is the dis- 
tance between the liquor surface and the point at which 
boiling begins. The pressure due to the boiling layer must 
equal the excess pressure necessary if the liquor is not to 
boil in the tubes. Levin found that the height of the boiling 
layer was a function (a) of the liquor velocity in the layer, 
(b) of the relative velocity of the vapour bubbles, and (c) of 
the liquor velocity in the tubes. An increase in any of these 
velocities decreases the height of boiling layer necessary. 
Increasing the liquor velocity in the layer, or of the relative 
velocity of the vapour bubbles, decreases the height of the 
boiling layer required, because both these changes have 
the effect of decreasing the amount of vapour present in 
the layer, and hence of increasing the density of the vapour / 
liquor mixture. Increasing the liquor velocity also decreases 
the height of the boiling layer needed, because it reduces the 
extent to which the liquor is heated in the tubes, and thus 
the excess pressure necessary above the tubes to prevent 
boiling in them. 

The height of the boiling layer is important also in that 
it determines the pressure available for circulating the 
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liquor. This pressure can be increased by decreasing either 
the relative velocity of the vapour bubbles or the liquor 
velocity in the layer. In order to achieve high liquor 
velocities in the tubes, the evaporator must be. designed 
so that the relative velocity of the vapour bubbles is at a 
minimum. From this point of view, the design shown in Fig. 
5 is unsatisfactory, since no steps are taken in it to control 
the size of the vapour bubbles produced, and this is the 
essential factor in determining the relative velocity of these 
bubbles. The size of the vapour bubbles can be controlled by 
fitting either tubes or baffles so as to form narrow passages, 
as in the modified design shown in Fig. 6. 

In this design the liquor is heated in the tubes, and 
boiling takes place only in the channels formed by the 
concentric baffles. These baffles, it is claimed, also prevent 
recirculation in the boiling layer, and the occurrence of 
pulsations during the operation of the evaporator. In later 
tests on a semi-technical evaporator of this type, however, 
a number of different arrangements of the baffles, as shown 
in Fig. 7, were tried out, and the flat baffles of type (b) with 
a spacing of 32mm. were found to give the best results. 
Thus with a smaller spacing between the baffles than the 
32 mm. used in type (b), the pressure causing circulation 
is somewhat increased, as a result of a reduction in the 
relative velocity of the vapour, but at the same time the 
pressure losses due to friction are increased, and the overall 
result is a marked decrease in the circulation velocity. On 
the other hand, increasing the baffle spacing to as much as 
50 mm. gave a reduction in the pressure, and consequently 
in the circulation velocity. Attempts to carry out tests on 
the evaporator without any baffles at all failed to give any 
results, since it was impossible to operate the evaporator 
without marked pulsations taking place. 

Tests are reported by Levin on the first industrial evapora- 
tor of the new type (see Fig. 8). For this purpose, aluminate 
solutions were used of such a concentration that approxi- 
mately 100kg of salts crystallise out during evaporation 
from 1m. of feed liquor. Some test results for this 
evaporator are given in Table III. The evaporator was 
satisfactory in operation, and no washing was required over 
an operating period of six days. In addition, no pulsations 
were observed during operation. It is clear from this, and 
from the results given in Table III, with their high circula- 
tion velocities and high heat-transfer coefficients, that the 
Levin evaporator is worthy of the serious attention of 
evaporator manufacturers in this country. 


REFERENCES 
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273 


















666.92: 663.632 


LIME RECOVERY AT A CELLULOSE MILL’ 


By recovering and treating calcium carbonate sludge, a cellulose mill may 


be able to operate a water-softening process without buying lime 


HE expanded Foley Mill of the Buckeye Cellulose 

Corp. at Florida requires approximately 52 million gal. 
of water daily, obtained from several wells located on the 
company’s land near the plant. The raw water from these 
wells contains dissolved minerals which give it a total 
hardness in excess of 200 ppm. Water pumped from the 
wells is softened in a cold lime water-softening process 
to remove the major portion of the mineral impurities. As a 
result of the softening process, a large quantity of sludge 
is produced. The major component of the sludge is calcium 
carbonate, but it contains such impurities as magnesium, 
iron, aluminium hydroxides and silica. 

The water-softening process requires about 45 tons per 
day of lime and produces about 100 tons per day of calcium 
carbonate sludge, which was discharged to the sewer in 
the original Foley operation. Recovery of the sludge and 
its use as a raw material for the production of lime to 
meet plant needs were considered in the original design, 
but the action was deferred until such time as the technical 
problems involved in such a recovery operation could be 
solved. The principal problem involved was the removal 
of undesirables from the sludge. If it were possible to reduce 
the level of impurities, particularly magnesium compounds, 
in the sludge so that concentrations would be low enough 
to cause no difficulties elsewhere in the process, then the 
recovery of the calcium carbonate for calcining in a lime 
kiln appeared very attractive from the standpoint of 
savings which could be realised as a result of producing 
lime to replace an estimated 50 tons per day which would 
otherwise have to be purchased. In addition, the problem 
of sludge disposal was a large one requiring several acres 
of lagoon area for settling out the sludge from the waste 
clarifier discharge. The lagoons also required periodic 
removal of partially dried sludge to make room for more. 

We were aware of several successful recovery operations 
for producing lime from water-softening sludge. These 
recovery operations included both industrial and municipal 
water-treatment plants located in various sections of the 
United States. The successful use of centrifugal dewatering 
and purification of water-softening sludges by the Wright 
Aeronautical Corp., Columbia Steel Corp., and the cities 
of Dayton (Ohio), Marshalltown (Iowa) and Miami (Florida) 
indicated that this method of removing undesirables and 
water from our sludge might allow us to calcine it in a 
lime kiln to yield a lime of suitable purity and activity 
for use in our water-softening process and to make up 
losses in our causticising operations. 

The principal problem with regard to our particular 
softener sludge was the presence of from 3-6% magnesium 
compounds in the dry solids. Reburning of untreated sludge 





* The process detailed above is the result of the joint effort of a study 
group of the Buckeye Cellulose Corp., Foley, Florida, U.S.A 
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Flow diagram of lime-recovery unit. Lime mud from 
recausticising is returned to the softening plant. 


would result in a rapid build-up of these compounds in the 
lime, since each successive re-use of the recovered lime 
would precipitate additional magnesium compounds from 
the water being softened. The level of magnesium would 
soon reach a point at which it would cause trouble through- 
out the water-treatment and cauticising processes, and 
possibly contaminate the cellulose pulp products. From the 
previous experience of the various industrial and municipal 
water-treatment plants in the recovery of lime softening 
sludge, it was believed that successful dewatering and puri- 
fication of the sludge could be accomplished using a centri- 
fugal filter manufactured by the Bird Machine Co. This 
equipment had been used with good results to produce a 
sludge of acceptable moisture and mineral content for 
reburning and use in water softening. Because the com- 
positions and characteristics of cold lime water-softening 
sludges from different localities vary widely, no guarantee 
of centrifugal filter performance can be given without 
making actual tests on the particular sludge which is to be 
used. Although operating data from other locations indi- 
cated that the selective removal of mineral impurities could 
be accomplished with a good recovery of sludge material 
while dewatering to roughly 35% moisture, we felt that 
a test should be made using the Foley water-softening sludge 
in order to be assured that such a process would operate 
successfully in our plant. 

It was decided that the only reliable method for evaluating 
centrifugal filter performance on Foley sludge would be 
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ER6 Heavy-Duty Compressor 


for reliable S-shift operation 


Atlas Copco’s ER6 compressor delivers 
air at the lowest possible cost. Designed 
to incorporate every economy factor, it 
combines the lowest possible running 
costs with low installation costs and a 
space saving design. 

The ER6 delivers 1,075 cfm at 100 psi 
(30.4 m*/min at 7 kg/cm?) for a power con- 
sumption that is absolutely rock bottom. 
Thanks to a new type of intercooler, water 
consumption is only 440 imperial gallons 
(2,000 litres) per hour—a quarter the con- 
sumption of most similar machines. The 
ER6 is compact. Occupying only half the 
space usually required for machines of its 
capacity, it saves expensive factory space. 
In addition, installation costs are lower 
as new, cheaper installation methods are 
employed. 

RANGE OF STATIONARIES 

From 2.5 to 20,000 cfm, there is an Atlas Copco 
stationary compressor to suit every requirement. 
Whatever the design factor— compactness, low 
installation cost, low operating cost, or a combin- 


ation of all three — Atlas Copco stationaries are 
high-performance machines you can rely on. 


Sales and Service in Ninety Countries 

Represented in ninety countries, Atlas Copco is 
the world's largest organisation specialising solely 
in compressed air equipment. Products include 


, Stationary and portable compressors, rock drills, 


loaders, hoists, air tools arid paint-spraying equip- 
ment. Wherever you are, the international Atlas 
Copco group offers expert advice and provides a 
complete after-sales service. 
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Built to last. This Atlas Copco compressor was installed at the Bofors 
engineering works (Sweden) in 1907. It is still in operation. 
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WRITE FOR THE LEAFLET 
Leaflet E1127 gives full details of the ER6 com- 
pressor. Write for a copy to your local Atlas 
Copco company or agent or to the address at 
the foot of this advertisement. 


puts compressed air to work for the world 
Atlas Copco AB, Stockholm 1, Sweden. In the U.K. Atlas Copco (Great Britain) Ltd., Hemel Hempstead, Herts. 



















to make a series of experimental runs, using the Foley 
softener sludge in a continuous centrifugal filter such 
as might be employed in the proposed lime-recovery pro- 
cess. For these tests we made a temporary installation of a 
Bird 18 in. X 28 in centrifugal filter in the vicinity of our 
lime softener where a large supply of the calcium carbonate 
sludge was always available. An extended series of experi- 
mental runs, using various conditions of operation, was 
carried out with this equipment. As a result of these 
experiments, we determined that the recovery of lime from 
Foley water-softener sludge could be accomplished in a 
three-stage process. This included carbonation of sludge 
with stack gas from the lime kiln to dissolve a portion of 
the magnesium compounds and to improve the centrifuging 
characteristics of the sludge; dewatering and purification 
of the sludge by selective recovery of calcium carbonate in 
a Bird continuous centrifugal filter, losing the undesirables 
with the water; and calcining the recovered sludge in a 
kiln along with a portion of the lime mud from causticising 
operations. The decision to calcine in a common kiln with 
the causticising mud was an important one in that it made 
possible a sizeable reduction in the capital investment 
required for the recovery system. It was estimated that this 
process could produce lime of sufficient quantity and quality 
to supply plant quicklime needs for both water softening 
and “make-up” in the causticising department. 

Following the completion of the experimental work on 
lime recovery, the recovery system which had been recom- 
mended was installed. The system operates as follows: 
Cold lime water-softening sludge is pumped from the bottom 





of the softener into a sludge tank, where it is agitated and 
carbonated by passing kiln flue gas through it. This also 
serves as a surge tank to supply the recovery system with 
a continuous stream of sludge, since the softener discharge 
is an intermittent one, From the sludge tank the slurry 
pumped directly to a Bird continuous centrifugal filter, 
which acts to dewater and to selectively remove undesirable 
minerals (compounds of magnesium, iron, aluminium and 
manganese). The filter generally dewaters a slurry con- 
taining about 10% dry solids to produce a cake containing 
a minimum of about 60% dry solids. The efficiency of the 
total recovery of solids must be adjusted to provide a 
sufficient purge of undesirables, but it is possible to recover 
as much as 80% of our lime sludge while maintaining the 
concentration of undesirables at a permissible level in the 
reburned lime. Following the centrifugal dewatering and 
separation of undesirables, the sludge cake is fed directly 
into the rotary kiln where it is calcined along with a portion 
of the lime mud stream from the causticising plant. After 
calcination the lime is cooled and conveyed to storage. 
Quantities of lime recovered from the water-treatment 
operation and from the causticising plant are stored together 
and used for the needs of both departments. 

As a result of the lime-recovery process, purchases of 
lime from outside suppliers have been largely curtailed. At 
present it is mecessary to purchase a relatively small 
quantity of lime from time to time, but it is anticipated 
that with the elimination of softener sludge losses presently 
existing prior to the recovery system itself, the goal of 
complete elimination of lime purchases will be realised. 


Compact Cooling Tower of Novel Design 


EY components of a new design of cooling tower now 
being manufactured in this country by Thermotank 
Ltd. are a novel cellular-type packing and a self-propelled 
rotary header for distributing the water over the packings. 
The packing, a phenolic-impregnated cellulose honey- 
comb, has high wet-strength and wettability, and is 
resistant to deterioration arising from the presence of 
fungi and bacteria. The fact that accelerated tests, equiva- 
lent to 12 years’ continuous service, have demonstrated the 
durability of the packing, inspires confidence in its use. 

The packings are so designed that the pitch of their 
corrugations is equal to twice the air-film laminar layer. 
This provides a very high surface-to-volume ratio; more- 
over, the high wettability of the packing material ensures 
that the water flows in an unbroken film through the 
channels. The lower ends of the fill are steeply chamfered 
in order to eliminate hold-up through capillary action. At 
first sight it might appear that the very narrow channels 
would be prone to blocking through the precipitation of 
solids; but in practice this does not occur because the 
continuous film carries them away in suspension, and 
prevents their adherence to the packing walls. 

The rotary header for distributing the water over the 
upper ends of the packing, is powered by the reaction of 
the water jets issuing from it. Not only does this device 
provide very uniform distribution over the fill, but it 
avoids the carry-over of fine spray. In the interests of 
reliability the distributor has been designed for complete 
freedom from seizure, an end achieved by mounting it 
upon a thrust-roller-bearing protected from contact with 
water. All that is necessary to set the header in motion is 
a head of from 8 in. to 1 ft of water. 

The tower’s main advantages, compared with conven- 
tional types, are a considerable reduction in weight, volume 
and height; low power consumption for circulating the 
water; and low power consumption for producing air flow. 
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In first cost this tower is comparable with other types for the 
same duty, but since the weight is less foundation costs 
should also be less. The rating of the largest standard tower 
of this type is 90,000 gph cooled from 87° to 75°F for a wet- 
bulb temperature of 68°F. The diameter of such a tower is 
21 ft. 
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Liquid assets in the shape of edible juices and industrial 
fluids, chemical solutions, oils and spirits, are too valuable 
to be wasted. They need the Stellar Filter to safeguard them, 
to render liquid loss almost negligible whilst clarifying and 
purifying. Designed to operate with supreme efficiency, the 
Stellar Filter has an unchokeable filter bed and is perfectly 
simple to control. It is remarkably economical, too, for it 
can be cleaned without dismantling or loss of liquid, and 
occupies very little ground area. 


Tell us your problem and we'll gladly advise you how and why the 
Stellar Filter will take good care of your liquid assets. 
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PRODUCING ELECTROLYTIC MANGANESE 






Manganese—-an important constituent of many alloys—can now 
be produced from low-grade ores by reduction in a rotary 
furnace followed by solution and electrolysis. Recent pilot-piant 
experiments show the cost to be compatible with current 
market quotations 


by T. BANERJEE, D.Sc. (Dacca), Ph.D. (London), F.1.C., F.R.1.C., F.1.M., F.N.1. 


NDIA possesses one of the world’s largest deposits of 

manganese ore. Total reserves are estimated at 150 mil- 
lion tons, of which about 60 million tons are high grade, 
the rest being low grade with a manganese content of 40%, 
or less. While the high-grade ores are either exported to the 
extent of about | million tons annually or used for ferro- 
manganese production, low-grade ores are mostly dumped 
as waste. 

Until about 25 to 30 years ago, manganese metal as such 
hardly found much use in metallurgical practice because of 
difficulties of- obtaining the metal in the pure state. Limited 
quantities of manganese metal were produced by the 
thermite process and carbon reduction method. The carbon- 
reduced metal is contaminated with a large amount of 
carbon and other impurities. For both these processes and 
for the production of ferro-manganese only high-grade ore 
can be used. Waste low-grade manganese ores can, however, 
now be successfully used for making electrolytic manganese. 

A process for producing electrolytic manganese metal of 
99.95% purity from low-grade manganese ore has been 
developed. The ore is crushed to a fineness of 100 mesh and 
reduced to manganous oxide in a rotary reduction furnace 
at 500-600°C. The reduced ore is fed to reactors filled with 
effluent from electrolytic cells where manganous oxide is 
dissolved by the free acid present. The resulting solution 
is purified to remove iron, arsenic, phosphorus, copper, 
nickel, cobalt and other impurities. After electrolysis of 
this purified solution the deposit on the cathodes is removed, 
washed and dried. 

The process has been tried on a semi-pilot-plant-scale 
unit producing 32 Ib. of metal per day. About 95% of the 
manganese content has been recovered from the ore. It is 
found that even ores containing down to 15% managnese 
can be successfully processed. Iron oxide is obtained as a 
by-product and can find use as pigment. Plans are also afoot 
to increase the capacity of the plant to 100 Ib. of electrolytic 
manganese metal per day. 





Dr. T. Banerjee is Deputy Director, National Metallurgical 
Laboratory, Jamshedpur, India. 
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During recent years, electrolytic manganese metal has 
been successfully produced commercially in foreign coun- 
tries and used in the manufacture of ferrous alloys. Because 
of the many advantages it offers over low-carbon ferro- 
manganese, the use of electrolytic manganese in metal- 
lurgical practice is rapidly finding favour. When used as an 
alloying element in steel making, no new impurities are 
introduced. The charges can be calculated and weighed 
accurately and the sampling and analysis required to check 
the composition of the melt are appreciably reduced. 

Electrolytic manganese has been successfully used in a 
wide range of ferrous and non-ferrous alloys. The former 
include common stainless steels and tool steels. Shortage of 
nickel has promoted production of a substitute stainless 
steel known as T.R.C. where the major part of nickel has 
been replaced by manganese. Work on this material is in 
progress at the National Metallurgical Laboratory, and 
results indicate that it will be able to meet most of our 
annual requirement of stainless steel, which is at present of 
the order of 5000 tons a year and may go up to 8000 tons 
a year during the Second Five-year Plan. Consequently, 
there will be an assured demand for 800-1000 tons of elec- 
trolytic manganese metal for substitute stainless-steel 
products. 

A considerable number of non-ferrous alloys are made 
with electrolytic manganese metal. Some of the more im- 
portant ones are high-expansion alloys for bimetallic 
elements in temperature control devices; low-expansion 
alloys for watch springs and precision instruments; high- 
damping alloys for structural purposes to prevent mechani- 
cal vibrations. 

The cost estimate of electrolytic manganese made on the 
basis of 3 tons/day production is Rr. 1550 (£113 approx.) 
per ton, whereas the present imported material costs about 
Rs. 3000 (£226 approx.) ton. The purity of the metal pro- 
duced is 99.95% and the current efficiency is 60-65%. The 
process is covered by Indian Patent No. 49355 dated April 
10, 1953, and anyone wishing to take up the manufacture of 
the product is invited to write to the Secretary, National 
Research Development Corporation of India, New Delhi. 
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Simplifix—the sure and simple compression coupling 
| n d u st ry for copper pipe. Perfect joints with almost all kinds of 
tubing, including those with very thin walls. 


p r ef ers € weet we on the pipe. Simply me the nut 
—the anti-friction washer prevents pipe twisting. 
Ss | M PLI FIX Manufactured since 1930, still the best. Millions in use. 
Made in sizes to suit tubing from }” to 2” O.D., 
in a wide range of interchangeable standard fittings. 


t h e fool p roof Non-standard fittings also made to order. 
Let us send you the Simplifix catalogue. 




















coupling 


The illustrations show control panels and centrifugal machines 
at the Plaistow Wharf Sugar Refinery of Tate and Lyle Ltd., 
where large numbers of Simplifix couplings are used. 


SIMPLIFIX COUPLINGS LTD - HARGRAVE ROAD 


SIMPLIFIX MAIDENHEAD - BERKS - TEL: MAIDENHEAD 5100 
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RECENT CHEMICAL ENGINEERING THESES 
FOR HIGHER DEGREES 


A Study of the Reaction of Carbon Monoxide 
with Nickel Catalysts 
by J. Bromley (Ph.D., London University) 


UCH work has been done in order to deterinine 

whether the unwanted carbon deposits which form 

on nickel catalysts during the Fischer-Tropsch synthesis 

of hydrocarbons from CO/H: mixtures are caused by the 

formation and decomposition of nickel carbide according 

to the equations: 

2CO + 3Ni = NisC + CO, er 

Ni;C = 3Ni + C cawelQae 

or by direct interaction on the catalyst surface of chemi- 
sorbed carbon monoxide molecules according to: 

2CO = C + CO, sianeee 

In this research further light has been thrown on this 
subject by measuring the concentrations of the gases when 
in equilibrium with the catalyst. From these measurements 
it is possible to decide whether “carbide” is in equilibrium 
with the gas phase according to Equation (1) or “free car- 
bon” is in equilibrium with the gas phase according to 
Equation (3). 

The results of these experiments, which were performed 
in the absence of hydrogen, on freshly reduced, kieselguhr 
supported, nickel catalysts, at pressures from 0.1 mm to 
3.0 mm, led to the following conclusions: 

(1) The free carbon reaction is autocatalytic and occurs 

when sufficient free carbon has been formed by: 

(a) reaction (2), which commences at an appreciable rate 
at 410°C; or 

(b) reaction (3), which commences at an appreciable rate 
at 310°C. 

(2) If free carbon formation by both the above mechan- 
isms is prevented, then autocatalysis of the free 
carbon reaction does not occur and the carbide 
equilibrium is observed. 

The free carbon equilibrium, once established, 
dominates the system at all temperatures from 250 
to 450°C. However, at 250°C it could be temporarily 
superseded by the carbide equilibrium if relatively 
large pressures of CO were admitted (2 mm). 
It is possible for carbide to be converted to free car- 
bon by the following series of reactions at tempera- 
tures below that at which reaction (2) commences: 
CO, + NisC = 3Ni + 2CO 
2CO = C + CO, then reacting with more Ni;C. 
It is probable that the destruction of nickel carbide by 
this mechanism has been mistaken in the past by some 
workers for the decomposition of nickel carbide by (2). 


Hydraulic Transport of Solids through a Vertical Pipe 
by B. J. Gliddon (Ph.D., London University) 


N experimental investigation has been carried out on 

the vertical hydraulic transport of solids through 1-in. 

and 2-in. diameter pipes. The recirculating-type plant used 

is described together with the experimental procedure for 

obtaining pressure-drop data for the flow of slurries of both 
closely sized and mixed sized particles. 

Graphs have been drawn relating the pressure drop to the 





* Valuable information may be lying fallow in many cases in theses pre- 
sented for higher rees in universities and not published in journals. 
British Chemical Engineering is therefore arranging to publish a number 
of synopses of such theses, for the information of our readers, as an 
occasional feature. 
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velocity and concentration for each material conveyed. In 
general, materials having free settling velocities small 
enough to obey Stokes law give curves of pressure drop 
versus velocity which, for a fixed slurry concentration, 
diverge from the water friction curve as the velocity in- 
creases. The results, as well as those from another investiga- 
tion, have been correlated by dimensionless groups. 

Materials large enough to have free settling velocities in 
the transition and turbulent flow regions form slurries 
which have the same pressure drop as clear water at the 
same velocity. Flash photographs show that these solids 
travel in a central core and there is a small annulus adjacent 
to the pipe wall which contains water only. Light intensity 
measurements indicate that the solid concentration distri- 
bution in this core is probably uniform and pitot-tube tra- 
verses show that the velocity profile is considerably flatter 
than when water only is flowing at the same velocity. The 
average solid velocity has been shown to be less than the 
average water velocity by an amount equal to the free 
falling velocity of the particles. 

Tests have been carried out with slurries of two very 
different particle sizes. They indicate that transport of large 
particles in a suspension of fine particles is not more effi- 
cient than in water alone. 

The solid materials which have been used range in size 
from 0.15-in. diameter to 0.0040-in. diameter and in specific 
gravity from 1.2 to 4.6. Velocities up to 13 ft/sec. and solid 
concentrations up to 35% by volume were obtained. 


Phase Equilibrium in Some Gas-liquid Systems at 
High Pressures 
by E. B. Graham (Ph.D., London University) 


REVIEW is made of the experimental determination 

and theoretical treatment of phase composition in 
gas-liquid systems at high pressures. Apparatus for the 
determination of solubilities of gas in liquids at pressures 
up to 300 atm. is described. The solubilities of nitrogen, 
and argon in iso-octane (2.2.4:trimethyl pentane) and n- 
octane, and argon in carbon tetrachloride, at temperatures 
of 50, 75 and 100°C and at pressures between 50 and 300 
atm. are reported. The solubility of argon in perfiuoro- 
methylcyclohexane at 50°C in the same pressure range was 
also measured. Equations expressing gas solubility in terms 
of total pressure are obtained and compared for each 
system and the applicability of Henry’s law and the 
Krichevskii-Kasarnovskii equation are studied. The agree- 
ment between these results extrapolated to 1 atm. gas 
pressure and data found in the literature are satisfactory 
where comparison is possible. Average heats of solution of 
argon and nitrogen in iso-octane and n-octane, and argon 
in carbon tetrachloride are estimated from an approximate 
relation. 

Although the apparatus was not so suitable for gas phase 
analysis, results were obtained for all the systems for which 
the gas solubilities were determined. The measurements of 
gas phase composition give results between those calculated 
from the Poynting effect and the Robin-Vodar equation. 

By using a modification of the Hildebrand solubility 
equation, the solubilities of argon, xenon and krypton in 
some non-polar organic solvents are correlated at 25°C. Al- 
though solubilities calculated from this correlation agree 
quite well with experimental results, the heats of solution 
thus calculated do not. 
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‘ANALMATIC’ equipment provides automatic chemi- 
cal analysis with the highest standard of reliability and 
accuracy. It has been installed by leading companies for 
process and quality control. ‘ANALMATIC’ equipment 
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cuts costs, frees trained chemists from routine work, 
improves efficiency in existing plant and enables new 
techniques and processes 


to be introduced. 


‘MNALMATIC’ AUTO-TITRATION EQUIPMENT 


The AUTO-TITRATOR is an outstanding example of the ‘ANALMATIC’ 
range. It can monitor a number of identical process streams by carrying out 
titrations to potentiometric, redox, ‘dead-stop’ or pH end points, or by 
colorimetric methods. Results of analyses can be provided as frequently as 
once every three minutes and can be fed direct to plant control systems. The 
AUTO-TITRATOR is designed to be easily adapted to suit the individual 
process. There are many applications in the production of heavy chemicals, 
petroleum products, pharmaceuticals, paint and paper and in brewing, water 
purification, and many other fields. 

We shall be pleased to discuss the specific applications of ‘ANALMATIC’ 
equipment to meet the requirements of your process. 


Automation in analysis 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND. 
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AMERICAN LETTER 


Fertiliser Industry’s Round Table 


NE of the most important items in the calendar of 

U.S. fertiliser men is the Round Table. This annual 
event was founded some years ago by the well-known 
American agronomist, Dr. Vincent Sauchelli, as an informal 
means of exchanging news and views on fertiliser tech- 
nology. At the first Round Table only 18 people were 
present, whereas the 1959 meeting, held from November 4 
to 6 in Washington, D.C., was attended by nearly 450 
participants, including visitors from numerous countries 
abroad. While the Round Table is essentially a practical 
man’s convention, the theoretical approach is by no means 
ignored, For instance, the 1959 meeting included concise 
papers on the Mechanics of Formulation Calculations, 
Statistical Quality Control, the Use of Models in Design 
and the Sextave Approach to Segregation. The latter theory 
was inimitably presented to the audience by W. L. Hill, of 
the U.S. Department of Agriculture. 


Practical Problems 

The range of subjects was large; thus L. V. Clegg, 
of Canadian Industries Ltd., discussed the production con- 
trol functions necessary in a large granulation plant and 
emphasised the importance of reducing plant losses, both 
from a financial and a pollution viewpoint. Mr. Henderson, 
of Wilson & Toomer Inc., dealt at length with certain 
problems that can arise at various sections in a fertiliser 
plant and outlined typical ways of overcoming them. The 
fertiliser consumers’ viewpoint was also freely discussed. 
Dr. J. O. Hardesty, another member of the U.S. Department 
of Agriculture, drew attention to the major factors 
influencing the physical condition of mixed fertilisers, e.g., 
the necessity of obtaining a high initial moisture content 
in the pile to promote rapid curing and the need for finely 
divided ingredients to attain thorough mixing and a firm 
primary set. Other requisites are a high mechanical pressure, 
achieved by building a large pile to give close packing, and 
a uniform reaction while curing. As regards packaged fer- 
tilisers, Dr. Hardesty said that a satisfactory physical con- 
dition depends on a low moisture content, plus a large 
particle size and low mechanical pressure to minimise 
the points of contact and to reduce crystal knitting. 

Great interest was shown in the techniques of formulating 
with urea-nitrate solutions, since this is a subject of rapid 
development in the U.S.A. Speakers from three major pro- 
ducers—Sohio Chemical Co., Allied Chemical Corp. and 
du Pont—discussed practical approaches and the advan- 
tages of these solutions. Some of the benefits include lower 
saturation temperatures, higher nitrogen contents in the 
products, reduced transportation charges, lower acid require- 
ments and an improved crystal structure or physical condi- 
tion of the product, About 20 Ib of urea per ton of product 
was said to give satisfactory results, with an upper limit of 
approximately 50lb a ton when ammonium nitrate is 
also added. 

In a discussion upon the ammoniation of superphosphates, 
one speaker used the amount of free ammonia per unit of 
P.O; as a basis and the actual ratio was said to depend 
on the grade to be made, the raw materials selected, the 
cooling facilities employed and the anticipated storage time. 
Typical ammoniation rates given were 3 lb of free ammonia 
per unit of P.O; for triple superphosphate and 5 lb per 
unit of P2xO; when single superphosphate is used. 


Mixing 

An entire session was spent in reviewing developments 
and problems concerning the mixing of fertiliser materials, 
H. L. Kreuger, of the Stedman Foundry & Machine Co., 
a well-known equipment manufacturer, discussed the 
different requirements for dry mixing, ammoniation and 
granulation. For optimum results and maximum outputs, 
correct timing was said to be a critical factor. Some average 
figures quoted for 4 to 2-ton batches suggested a maximum 
time of 1 min. as being adequate when dry mixing was 
undertaken, and 1} to 2min. when simultaneous mixing 
and ammoniation was performed, including the time taken 
to inject the ammoniating liquor. Of course, when granula- 
tion is also undertaken, the effect of other variables must 
be considered, but practical batch mixing times will 
generally be of the order of 1 min. for $-ton batches, 14 min, 
for l-ton batches and 2 min. for batches between 14 and 
2 tons. Typical discharge times with properly designed 
equipment should be about 20sec. for dry-mixed batches, 
30 to 40sec. when ammoniating and 40 to 60sec. when 
making ammoniated and granulated material. A novel type 
of batch pre-mixer was described by W. Sackett, of the 
A. J. Sackett Co. This device is a multi-compartmented 
hopper fitted with discharge flaps of special design. After 
the required amounts of ingredients are tipped into the 
hopper, the flaps are opened and the materials are blended 
to a substantially uniform degree as they fall simultaneously 
into the lower chamber of the pre-mixer. It was said that 
the throughput of a fertiliser mixing or granulating plant 
can be appreciably increased by the installation of this 
simple device ahead of the mixer or granulator. 

The production of semi-granular mixtures was discussed 
in detail by four speakers and the importance of close 
chemical and physical control, as well as the advisability 
of cooling from 200°F to at least 120°F, was stressed. In 
this type of operation, the mixer-granulator is often used 
as a reactor as well, and the design of the sparging equip- 
ment employed is frequently critical. The Eyman process 
for making a type of semi-granular, pulverised fertiliser 
was detailed by G. Walton, of the Tennessee Corp., and 
the “block” sparger was described by J. Sharp, of the 
Spencer Chemical Co. 

The last session of the meeting—like the star of the show 
—was entirely given over to pre-neutralisation. This is a 
subject of considerable importance in view of the mounting 
use of ammoniacal and other nitrogen solutions in the U.S. 
and an up-to-date account of the latest techniques was 
eagerly awaited. Methods of producing ammonium nitrate 
melts and solutions were described by various speakers, 
and questions were answered concerning ways of reducing 
nitrogen losses, securing proper mixing and avoiding 
accidents. A particularly interesting account of a con- 
tinuous pipeline reactor system used in conjunction with 
a pugmill was given by N. K. Alfrey, of the W. R. Grace 
Co. In this method, anhydrous ammonia and nitric and/or 
other acids are blended in a concentric sparger/ pipeline 
reactor and the hot mixture is self-propelled through a bed 
of granular material in the mill. Safety features include the 
use of air bottles to absorb pressure surges and very adequate 
venting. Nitrogen losses are said to be practically nil. This 
type of operation, a departure from accepted practice, 
would seem to offer much future promise. 
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One of the problems that the design engineer frequently 
faces is the unsteady-state cooling or heating of a batch of 
liquid, using in the jacket either coolant for the former 
and condensing steam for the latter duty. This involves the 
solution of a rather cumbersome analytical equation. The 
following expression relates the time of cooling of a batch 
of fluid to the operating variables: 


M.Cm ° he (=) 
UA )] T—t, 


W. cw| 1 —e€xp — W Cw 








where M = mass of liquid in vessel, Ib.; 

Cu = specific heat of liquid; 

W = coolant rate (Ib. /hr); 

Cw = specific heat of coolant; 

U = overall heat-transfer coefficient; 

A = heat transfer area, sq. ft; 
t; = inlet temperature of coolant, °F; 

T. = initial temperature of charge, °F; 

T = temperature of charge after 6 hr; and 
6 = time of cooling, hr, 


The above equation is valid for constant U and when 
radiation and evaporation losses are neglected. An align- 
ment chart has been constructed to enable the calculations 
to be made with ease without, however, sacrificing 
accuracy. This chart is especially useful when it is required 
to determine the overall heat-transfer coefficient for a new 
vessel, using the unsteady-state method. 


Example 
It is required to calculate the overall heat-transfer co- 
efficient for an agitated jacketed vessel designed to handle a 
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liquid of specific mass 0.9. The following data are obtained 
in a trial run: 


Material charge: 400 gal. 
Initial temperature : 180°F 
Final temperature: 80°F 
Time taken: 2.72 hr 
Coolant rate: 600 gal. /hr 


Inlet temperature of cooling water: 60°F 
Heat transfer area: 50 sq. ft 


The innermost rectangular chart has for the base, the 
time scale, 0, extended to double length for better accuracy. 
The ordinate on the left and that on the right represent the 
a and (UA /Wvw) scales, while the top horizontal scale 
is graduated for the (MCy/WCw) values, The auxiliary 
scales (J) — fi) and (T — nh), (UA) and (W .Cw), (M .Cu), 
and (W .Cw) help locate the values of the respective ratios, 
on the main scales. The diagonal O-O is the proportional 
line. 


To Find U 


To—t, (¥ Cm 
ef OG = 0. 6= 2.7 
Locate (z \ We, 0.6 and 2.72 on 


the main scales respectively by points a, b and c. Joint 
“cb” to intersect diagonal O-O at “p’’. Join “ap” and extend 





to intersect ( “ scale at “‘d”’(=0.5). Locate “‘d” again on 
Ww 

the auxiliary scale and e (=6000) on the (W .Cw) scale. 

Join “de” and extend to cut the UA scale at 3000 ( «—). 

Divide by A (=50) and U is obtained as 60 Btu/hr sq. ft 

°F. (Assumption: Cy = Cw = 1). 





Total Gasification of Low-grade Fuels 


PRESSURISED coke gasifier is being developed at 
A Leatherhead by the gasifier division of Constructors 
John Brown Ltd., as part of Ministry of Power investiga- 
tions into more efficient and economical means of producing 
gas from run-of-mine coal. The fixed-bed continuous gasi- 
fication system is characterised by the fact that it combines 
a high operating temperature with a high pressure. At 
present the development gasifier is operating at pressures 
of up to 8 atm. absolute, although it is anticipated that in 
time gasifiers of this type will be capable of working at 
pressures of up to 31 atm. 

In the gasifier, coke, which is used to avoid problems 
arising from the volatile constituents of coal, is reacted with 
a mixture of oxygen and superheated steam to produce 
“synthesis gas”, a carbon monoxide/hydrogen mixture 
which is a suitable basis for the synthesis of hydrocarbon 
fuels. Coke is “lock-hoppered” into the top of the gasifier, 
and the residual molten ash after gasification flows from 
the base of the vessel into a quench chamber within the 
pressure shell, at a temperature in the region of 1500°C. 
A major development problem has been the maintenance 
of a continuous flow of molten ash from the gasifier, and 
its removal from the pressure shell. After a number of trials, 
a hydraulic method was devised which involves quenching 
the molten slag in a water bath inside the pressure shell; 
the resultant frit, suspended in the water, is discharged 
under its own pressure to a collecting hopper. Here the 
frit is retained and the water drains away to a recirculation 
system. 

A proportion of the frit, however, remains suspended in 
the recirculated water, which has to be reintroduced into 
the slag receiver against a pressure of about 100 psi. Under 
these pressure conditions the suspended particles are excep- 
tionally abrasive and it was therefore decided to install a 
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Megator type GK3 pump set, supplied by Megator Pumps 
& Compressors Ltd., operating at a working pressure of 
about 130 psi and with a capacity of 5000 gph. 


The Cooling System 

At the high operating temperatures in the gasifier, cool- 
ing is a matter of considerable importance. To provide this 
cooling service two Megator type K3 pumps have been 
installed as main and standby units. Injection of a make-up 
of cold water is accomplished by a set of three Megator M16 
pumps each with a capacity of 900 gph. Each draws cold 
water from the storage tanks and injects into the high- 
pressure cooling system. Normally only two of these pumps 
are in operation, the third being brought into use under 
extreme conditions. 


It is expected that a production gasifier of this type would 
be able to generate synthesis gas at a substantially lower 
cost than is possible using current methods. When this ideal 
is realised, the gasifier’s ability to convert all types of mined 
coal, together with its low gas cost, should make it attrac- 
tive as a means of supplying town gas and of making syn- 
thetic fuels and chemicals. So far as town gas supply is 
concerned, the potential lowering of capital costs is an 
attractive possibility. The need for low-pressure storage 
would be diminished, and the number and size of gas pro- 
duction units considerably reduced. The area occupied by 
such a gasification plant would be comparatively small, 
decreasing land costs and reducing the extent of service 
installations. 


However, it will be several years before a fully developed 
pressure gasifier of this type can be built, using run-of-mine 
low-grade fuels, but it is possible that a gasifier using only 
coke as the fuel could be constructed somewhat earlier. 
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Avoiding 
Pipework Pulsations 


CAVITATION IN PUMPS is_ usually 
looked upon as a source of damage 
to the pumps themselves, but pipe- 
work also can suffer. When a pump 
is Operating under conditions of a 
cavitation equilibrium the discharge 
from it may appear to be steady, but 
in fact it may be a continuously pul- 
sating one. This situation may give 
rise to pulsations of the order of 500 
to 5000 c/s, which would be of little 
consequence if the pipework system is 
relatively short possessing, for 
example, a natural frequency of some 
10,000 to 20,000 c/s; in such a case 
there would be little possibility of the 
pipework resonating. If two pumps 
are working in parallel, there would 
be much more likelihood of pipework 
vibration. If this is likely to occur, 


- 
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then it is advisable not to rely upon 
submergence control for centrifugal 
pumps, i.e., self-regulation depending 
upon the level in the hot well and 
upon the pump NPSH characteristics. 
It is preferable to use instead either 
throttle or recirculation control, By 
either of these means uncontrolled 
flow variations in the discharge from 
the pumps can be prevented. 

For throttle control the flow from 
the pump is controlled through an 
automatic float-operated valve con- 
trolled by the level in the sump, or hot 
well if the pump is handling con- 
densate. This control will cause the 
pump to operate from its design point 
on the delivery-head curve down to 
the minimum delivery point on the 
same curve. In case the minimum flow 
falls below the minimum point of the 
curve, a small recirculating valve 
should be installed to ensure the re- 
quired minimum flow. In recirculation 
control the float-operated valve opens 
when the level in the hot well or 
sump drops, and the excess capacity 
from the pump is fed back to the hot 
well. (From Power Engineering, 
October, 1959.) 














_ 





0 


THROTTLE CONTROL 


ae 


—_—— a® ao 


i 


RECIRCULATING CONTROL 











improvised Vacuum Valve and Joint 


A VACUUM VALVE which operated 
satisfactorily down to an absolute 
pressure of 10-' mm Hg. was obtained 
by modifying a standard globe valve. 
The modification was carried out as 
follows: First it was ascertained that 
the steel seating (B) was vacuum tight 
as indicated by a vacuum check. Next 
an O ring (C) was fitted to provide the 
body-to-bonnet seal. For the seal 
between stem and bonnet an electrical 
hardware connector was used. Con- 
nectors of this kind can be obtained 
in a variety of sizes; the metal washer 
of the connector prevents the packing 
cap from tearing the seal (E) when the 
valve is being adjusted, closed or 
opened. Finally, in order to provide a 
good seal at the valve seating, which 
did not require a great deal of pres- 
sure, a groove was turned in the valve 
at ‘F’ into which an O ring (D) was 
fitted. 


Flare Fittings as Vacuum Couplings 
The second diagram shows a 
method of using standard flare  fit- 
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tings for vacuum couplings. Joints 
made in this way on }-, 3- and }-in. 
tubing have proved to be leak-free 
when tested with a helium leak detec- 
tor, whether they were used for tees, 
valve or end closures. The fittings 
should be an } in. up in size from the 
o.d. of the tubing to be used. A flat 
face is machined on the male portion 
of the fitting (F) and the greased O 
ring is compressed by the gasket (G) 
normally used with this type of joint. 
Details and drawings for the two 
items mentioned above were ab- 
stracted from the American Journal of 
Physics, 1958, 26, 642, and the Review 
of Scientific Instruments, 1958, 29, 
795, respectively. 
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TO PREVENT SHOCK AND OVERLOAD 
on the motor of a heavy-duty mixer 
a modification was made to the gear 
reduction unit connected to the driving 
shaft of the machine. First the worm 
was freed so that it could move along 
the shaft and key, and a collar was 
turned out and fitted to the thrust- 
bearing end of the worm. Behind the 
collar a heavy-duty die spring was 
fitted and a latch attached to the frame 
for operating a micro-switch. 

The latter component is wired in 
series with the coil in the motor-starter, 
The spring fulfils a dual function: it 
acts as a shock absorber when the 
machine is started up or when the 
blades encounter a particularly hard 
agglomerate of material; if an over- 
loaded condition occurs, then it is com- 
pressed by movement of the worm 
until the latch is operated and the 


Modification to Gear Reduction Unit 








DRIVE KEY 


J I 


switch tripped. This stops the machine, 
which can be restarted by means of the 
starter unit, once the source of over- 
load has been found and corrected 


Modifications to Continuously- 
operating Plants 


THE DIAGRAM SHOWS how modifica- 
tions can be made to continuously- 
operating plants where welding on site 
is not permitted because of the inflam- 
mable nature of the products handled. 
In this particular case it was found 
that condensate collecting in the verti- 
cal pipe above the gate valve in the 
exhaust steam line caused operating 
problems when the standby turbine 
was brought on line. It was decided 
that the installation of steam traps in 
the vertical legs would be required to 
eliminate this problem. The following 
procedure was followed: Each turbine 
was shut down alternately by closing 
black valves A and B. Pipe spools K 
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and L were then installed and then 
the relief valves reinstalled with by- 
passes to provide atmospheric ex- 
hausts. Isolating valve C was then 
closed and the operating turbine ex- 
hausted to atmosphere, thus adhering 
the steam exhaust line within unit 
limits to be depressured. Valve A was 
then removed and replaced by a new 
valve A, which was drilled above the 
gate to receive a ripple and a 1-in. 
valve welded into place. A similar pro- 
cedure was followed for valve B. The 
unit limit valve was then opened and 
the relief valve atmospheric by-pass 
valves closed. The steam trap installa- 
tion was then completed. K.J.J. 
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Alarm Prevents 
Overfilling of Tanks 


A RELIABLE AND SIMPLE overflow 
alarm is readily made from an Audco 
protected-type gauge glass (of a type 
often neglected by plant operators 
when installed) pressure switch, elec- 
tric hooter, plus a supply of low-pres- 
sure compressed air. Between the 
drain valve and the sight-glass gland. 
an { BSP tapping is made to provide a 
connection to a supply of compressed 
air. This is conveyed to the fitting in 
4-in. pipe and a tee branch connects to 
a pressure switch suitable for low- 
pressure service. The switch operates 
a hooter. 

A small flow of air is passed up 
through the safety gauge glass—the 
lower valve connecting the gauge to 
the tank is closed—and passes out 
through the vessel vent. As the tank 
fills, a point is reached when the liquid 
overflows into the sight glass. The in- 
creased resistance to air flow causes its 
pressure to increase; as a result, the 
switch comes into operation and the 
hooter- sounds. The warning will sound 
before the contents spill from the tank 
and it gives the operators time to take 
precautionary action. The liquid re- 
maining behind in the gauge glass can 
be drained in readiness for further use, 
once the tank contents have been 
restored to a safe level. 





Contributions 
invited 


THE EDITOR invites readers 
to submit, for possible publica- 
tion in “Process Engineer's Note- 
book”, notes on practical devices 
that have been elaborated on the 
job for improving the operation 
or increasing the safety of pro- 
cesses, or that have been extem- 
porised in special circumstances. 
The contributions preferably 
should be of about 250-500 
words, and be illustrated with a 
line diagram or sketch, or a 
photograph. A minimum of three 
guineas will be paid for each 
contribution used. They will be 
published anonymously or under 
the contributor’s name, accord- 
ing to his wishes. 

























Book Reviews 





Absorption 

. Dr.-ing. Kurt Thormann, Frankfurt am 
ain. 

Springer-Verlag, Berlin, 1959, 189 pp., 

D.M. 28.50. 

HiS little book deals with absorption 

as a unit operation in its wider sense. 
It is written in German and is based es- 
sentially on English technical literature, 
although the approach of a “process en- 
gineer” is occasionally in evidence, After 
a short introduction, there is a chapter 
on gas-liquid equilibria dealing with 
ideal and non-ideal systems, binary and 
ternary mixtures, as well as equilibria 
involving chemical reactions. There fol- 
lows a section on mass transfer which is 
based entirely on two-film theory and 
contains an account of the basic prin- 
ciples and develops methods of design 
using absorption coefficients, transfer 
units and H.E.T.P. The treatment is well 
presented and illustrated, The next sec- 
tion, which is concerned with the design 
and construction of packed and bubble- 
plate absorption columns, introduces 
design formule and operating charac- 
teristics with minimum of design data. 
This is followed by chapters on absorp- 
tion of multi-component mixtures and 
methods of heat removal. The problem 
of solvent regeneration is discussed at 
some length and is illustrated with 
numerous methods of operation of ab- 
sorbers and strippers consistent with 
high efficiency and economy. The absorp- 
tion involving chemical reaction is dealt 
with fully but rather qualitatively, and 
the book ends with a short discussion on 
control and economics of absorption 
process. 

It is a well-written book presenting the 
subject in a clear and interesting manner 
and it is evident that a good deal of 
eTort has gone into its preparation. It 
can be followed without undue difficulty 
by readers possessing no previous know- 
ledge of the subject. The author limited 
himself purposely to the exposition of 
princivles and methods of application of 
absorotion processes without overcrowd- 
ing the contents with design data for 
which references are made to the more 
imnortant recent publications. It is not a 
design manual comparable to Morris and 
Jackson and, in fact, any design pro- 
cedure would be difficult without 
reference to the standard works. This is 
inevitable, however, if the primary aim 
of this small volume is to give a clear 
understanding of the basic principles. In 
this resect, it is well suited for students 
engaged in the study of unit operations, 
as apart from the basic theory it contains 
large sections of descriptive matter on 
the technical application of absorption 
processes. However, the value of this 
book could have been enhanced if more 
than just one numerical example were 
included. For a student, the best means 
of gaining a deeper understanding of the 
fundamental principles is probably by 
means of numerical problems, particularly 
those of a more practical and realistic 
nature. Another criticism which can be 
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made is that the limitations of the derived 
expressions and the assumptions on 
which the expressions are based are not 
clearly defined; e.g., it is not explained 
when the log mean driving force and the 
straight line relationship of the operating 
line are applicable. Some of the examples 
on gas and liquid film limited processes 
are also debatable. Apart from these few 
short-comings, the book is a valuable 
contribution to the chemical engineering 
literature and can be recommended as a 
text-book on this important and some- 
what neglected unit operation. The price 
of the book, considering its size and 
the language problem, may deter some 
potential readers. 
T. A. KANTYKA 


Proceedings of the Joint Symposium on 
Instrumentation and Computation § in 
Process Development and Plant Design 
Edited by P. A. Rottenburg 
Institution of Chemical Engineers, 
1959, 176 pp., 80s 

SYMPOSIUM was arranged in May, 

1959, on “Instrumentation and Com- 
putation in Process Development and 
Plant Design”. The sponsoring bodies 
were the Institution of Chemical En- 
gineers, the Society of Instrument Tech- 
nology and the British Computer Society 
and the proceedings have now been 
published. 

A symposium of this type fulfils two 
purposes. First, for those attending it 
gives a view of the present state of the 
science and art and an opportunity for 
discussion and assessment of trends. The 
printed proceedings serve the same pur- 
pose for a time, but their permanent 
value must depend on the contribution 
which individual papers made toward 
advancing the science. There is sufficient 
new material in the Proceedings which 
have now been published to ensure that 
they will serve as a source of reference 
for a considerable time to come. 

The range covered by the papers is 
wide. New instruments are described, 
notably a new ratio flow controller. Ap- 
plications of control theory are made 
to various processes; for example, to 
axial flow compressors and to a viscose 
plant. Other papers consider the use of 
computers for the design of plants, for 
finding the best operating conditions, and 
for on-line control. Results are given of 
investigations into the behaviour of 
processes under control, including a 
computer analysis of a superfractiona- 
tor and a special-purpose analogue of a 
distillation column, Analogue computers 
for economic analyses and for the study 
of rolling mills are described and there is 
a paper dealing with correlation analysis 
of a heat exchanger. 

The Proceedings will be useful to any- 
one who has to apply control or comput- 
ing techniques to chemical and other pro- 
cesses, and who wishes to see what has 
so far been achieved in this field, the 
difficulties which arise and ways in which 
they can be overcome. 

H. H. ROSENBROCK 


London, 









Cosmetic Science 

Edited by A. W. Middleton 

Butterworths Scientific Publications, London, 
1959, 327 pp., 60s. 

HIS book consists of sixteen papers, 

with ensuing discussion, presented a 
the first Congress of the Society of Cos- 
metic Chemists of Great Britain, in April 
1959. The papers are arranged in four 
sections, under the headings of Analysis 
of Raw Materials, Assessment of 
Finished Products, Manufacturing and 
Processing, and Biological Assessment 

Section one deals essentially with the 
chemical and physical examination of 
perfumery materials, including gas chro- 
matographic and U.V. spectrophoto- 
metric methods, followed by a more 
general paper on specifications for raw 
materials, processing, packaging materials 
and finished products. It also deals with 
the trend towards mechanisation in the 
physical methods of testing, with particu- 
lar reference to moisture determination, 
particle size and viscosity measurement. 

The second section deals with the tech- 
nique of consumer testing of products 
under development and with laboratory 
testing as a more objective method of 
assessment. The rheological properties of 
cosmetics, together with apparatus for 
measurement of viscosity and thixotropy, 
are also discussed, with a following paper 
on patch-testing for skin irritants and 
sensitisers. 

Section three is of more direct interest 
to the chemical engineer, involving the 
effect on mechanical mixing of the 
rheological properties of cosmetics, heat 
transfer, the fundamentals of filtration 
and problems of corrosion of iron and 
aluminium. The final section is devoted 
to the biological study of the skin and 
allergic reactions, with laboratory tech- 
niques for antigen-antibody assessment. 

Inevitably, in a book of this nature, a 
kaleidoscopic impression of the subject 
is given, restrictions of time and space 
preventing more thorough treatment of 
the multiple aspects of this science. 

The authors are all highly qualified in 
their respective fields, and the academic 
level of the papers and the discussions is 
well maintained throughout the book. 

B. EDGINGTON 


_ 


Thermodynamics and Statistical Thermo- 
dynamics 
by J. G. Aston and J. J. Fritz 
Chapman & Hall, London, 1959, 560 pp., 66s. 
HE fact that Dr. Aston, so well 
known for his researches on applica- 
tions of the Third Law, is one of the 
authors is one important reason why this 
book will be of interest to almost every- 
one concerned with thermodynamics. 
Another good reason, and especially as 
regards the teacher, is that it is represen- 
tative of an American outlook on univer- 
sity teaching rather different from our 
own. 

Since it is described in the preface as 
containing the material for a one-year 
graduate course in thermodynamics and 
statistical mechanics, one might have ex- 
pected that the whole volume would be 
at approximately the same standard, ap- 
propriate to the amount of thermo- 
dynamics the student had already gained 
in previous years of study and to the 
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Book RevieWS (continued) 





amount he might still have to gain in 
later years. The method adopted here is 
quite different, for the standard changes 
greatly and during the short duration 
of the course the student is taken from 
quite elementary aspects of the subject 
to others which are distinctly advanced. 

The first few chapters, dealing with the 
basic laws, are fairly elementary and 
somewhat lacking in exactness. After 
these introductory chapters (whose stan- 
dard would be suitable for a student 
with little or no _ previous thermo- 
dynamics) the pace begins to increase and 
the student is carried rapidly forward 
through an interesting though somewhat 
incomplete account of the classical ther- 
modynamics of reaction and phase 
equilibria, imperfect gases, solutions of 
electrolytes and non-electrolytes, towards 
the final half of the book where he 
becomes immersed in the discussion of 
spectroscopic selection rules, Fermi- 
Dirac and _ Einstein-Bose distribution 
laws and similar “advanced” topics. 

However, the _ statistical method 
adopted is not an advanced one, being 
the method of the most probable distri- 
bution, and the book as a whole is not 
difficult, but it is rather the sheer volume 
of material, together with the elementary 
early chapters, which makes it seem that 
this book is intended as an _ inclusive 
course, as if the whole of the thermo- 
dynamics and _ statistical mechanics 
required for degree purposes is concen- 
trated within the single year. My own 
view is that this method is likely to leave 
the student somewhat confused and with- 
out sufficient time for digestion of the 
difficult ideas involved. Yet it seems 
likely that, as given in person by the 
authors, this may be a very stimulating 
course. Teachers having different enthu- 
siasms and different methods of presen- 
tation will yet find in this volume a great 
deal of valuable material, for it contains, 
in fact, an immense amount of useful 
information, tucked away in the prob- 
lems and tables and also in the form of a 
great many interesting diagrams. 

K. G. DENBIGH 


Air Pollution Control 
by W. L. Faith 
John Wiley & Sons Inc., New York, Chapman & 
Hall Led., London, 1959, 209 pp., 68s. 
PECIALISTS in the field of air pollu- 
tion, seeing the title of this volume, 
and knowing the author's position as 
managing director of the Air Pollution 
Foundation in Los Angeles, are likely to 
have their expectations of a full and 
comprehensive analysis of methods of 
controlling air pollution increased by 
the promise on the front cover of the 
dust jacket of “practical methods of 
solving air pollution control problems”. 
These expectations, however, will not be 
fulfilled. As the back cover of the dust 
jacket reveals, the publishers have sought 
a book “especially for the non-specialists, 
such as civic betterment groups, ‘clean 
air’ commissions and other similar or- 
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ganisations”. This is what the author 
most competently provides in the form 
of a general introduction to many of the 
aspects connected with air pollution. 

The introductory chapter lists the great 
and commonly cited air pollution disas- 
ters; London, Donora, Meuse Valley, 
etc. Effects on plant and animal life are 
discussed and tables of maximum permis- 
sible concentrations of pollutant 
materials are given. ““Meteorology” deals 
with atmospheric conditions and their 
effect on the movement of pollutants, 
while the chapter on “Smoke” deals with 
the products of combustion and the 
special problems posed by them, as, for 
instance, in incineration. “Dusts, Fumes 
and Mists” covers particle sampling and 
analysis and abatement plant. Further 
chapters discuss gases, odours and auto- 
mobile exhausts. This last section con- 
tains what is perhaps the most interesting 
material in the book, as details of the Los 
Angeles “smog” problem, largely due to 
the huge number of motor cars in that 
city, are given. The book concludes with 
chapters on air pollution surveys and 
legal aspects (which in the United States 
are the concern of the local, rather than 
the national, administration). An appen- 
dix lists conversion factors, omitting only 
the commonly used “grains per cubic 
foot”. 

The volume thus ranges over a very 
large number of aspects in a relatively 
short space, and many of these receive, of 
necessity, rather cursory survey treat- 
ment, Nevertheless, the book is very 
good — well-written, produced and 
lavishly illustrated, It also fulfils a useful 
function in offering. for the first time, to 
the industrial director or legislator, lack- 
ing technical training, a sound introduc- 
tion to the methods of tackling one of 
the more unfortunate and unnecessary 
consequences of industrialisation. 

W. Strauss 


SHORTER NOTICES 


Abstracts of Papers for the Conference 
on the Application of Large Radia- 
tion Sources in Industry and 
especially to Chemical Processes, 
Warsaw, September 1959, Volume 1. 
International Atomic Energy 
Agency, Vienna, Austria. 

It is intended eventually to publish in 
full the papers presented at this con- 
ference. Meanwhile, however, a set of 
the authors’ abstracts has been dup- 
licated and issued in stapled form. 


Dechema Monographien, Band 34: 
“Betriebstechnik — Verfahren und 
Rationalisierung”, Verlag Chemie 
G.m.b.H., 1959, 356 pp., DM. 42.20. 

In our January issue (p. 60) we referred 
to earlier volumes of this series. The 
present volume completes the series of 
papers presented during the Achema Con- 
gress, 1958, in Frankfurt am Main on the 

theme “Plant Technology”. It includes a 

number of papers on planning, rationalisa- 


tion and allied subjects, including a revicw 
of the changes which have taken place in 
chemical technology since 1945. Inter- 
national standardisation of symbols is 
proposed in one of the papers. Contribu- 
tions are drawn from West Europe and 
the U.S.A. The papers are given in Ger- 
man with summaries in English. 


Methods for the Sampling and Analysis 
of Fuel Gases. B.S. 3156 : 1959, 25s, 
British Standards Institution. 

The second of a series of B.S. Methods 
for the sampling and analysis of gases, 
this standard describes only  well- 
established methods. It does not deal with 
such methods of gas analysis as those 
involving low-temperature fractionation, 
infra-red or ultra-violet spectroscopy, 
polarography, or other of the newer, 
usually physical methods. There are three 
main parts: sampling, general analysis 
and special determinations. The general 
section deals with carbon dioxide, oxygen, 
unsaturated hydrocarbons and nitrogen. 
Special determinations dealt with include 
analyses for particular gases and also 
determinations of specific gravity, calorific 
value, hydrocarbon enrichment value and 
A.T.B. (Aeration Test Burner) Number. 


Laboratory Instruments, second edition 
by A. Elliot and J. Home Dickson, 
Chapman & Hall, London, 1959, 514 
pp., 55s. 

To provide a guide to workers called 
on to design and construct instruments 
or to supervise others in their construc- 
tion is the aim of this book. It presents 
the principles on which good design is 
based, and gives many examples of their 
application. No attempt has been made 
to cover the entire field of instrument 
design, but the authors have endeavoured 
throughout to show the interrelation of 
good design, material and method of con- 
struction, so that the best results may be 
obtained with moderate or limited means. 
A final chapter deals with the applications 
of photography and there are several 
appendices containing miscellaneous 
information. 


The Operation of a Company Standards 
Department, PD 3542. British Stan- 
dards Institution, London, 1959, 18 
pp., 3s. 

Sponsored by a joint committee of 
the British Standards Institution and the 
Institution of Production Engineers, this 
booklet is a guide to the practice of apply- 
ing standards. It points out that specifica- 
tions must meet three requirements to be 
effective: they must deal with a real need. 
provide an acceptable solution and must 
be used. Furthermore, they cannot be 
static, but must change with circumstances 
and reflect the best current practice. 

The introduction indicates some of the 
obvious sources of savings resulting from 
the efficient use of standards—reduction 
of stocks, ordering of larger batches. 
elimination of design and tooling costs 
for special components, reduction of 
storekeeping and inspection overheads 
Regrettably, however, there is no attempt 
to suggest ways of making an evaluation 
of such savings and the booklet suggests 
that this is difficult, if not impossible. 
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the applications of Ermeto 
high pressure couplings 


are practically unlimited 


The Petroleum and Chemical Industries demand 
the utmost reliability in their equipment. 
That is why, in pilot plants and laboratories, 
Ermeto couplings and vaives will be found 
in ever-increasing numbers. 
The standard Ermeto range covers couplings, 
vaives and flexible hose, in a wide range of sizes. 
Non-standard fittings can also be supplied to meet 
individual specifications. Technical advice and 


illustrated literature gladly supplied on request. 


BRITISH ERMETO CORPORATION LTD 


ER M E | '@) HARGRAVE ROAD - MAIDENHEAD - BERKS - TELEPHONE: MAIDENHEAD 5100 


A member of the ALENCO Group of Companies 


April, 1960 
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Pianning for the Unpredictable 


Dear Sir: 

In production workshops, high output, 
smooth flow of work in progress and 
reliable prediction of delivery dates are 
rarely achieved without estimating the 
work content of each job and charting 
the forward load for each class of labour. 
Planning and control systems for various 
types and levels of production have 
received a great deal of study in the three- 
quarters of a century since F. W. Taylor 
established the principle of separating 
planning from execution. 

Davidmann, in your November issue 
(page 589), applies parallel principles to 
chemical engineering design - work. 
Though similar, the principles are not 
identical. Engineer hours are estimated 
by the design engineers themselves and 
not by an independent estimator, as is 
usual for craftsman hours; nor is the 
difference between planned times and ac- 
tual performance made the basis for 
incentive payments. 

The cost of operating a planning sys- 
tem has to be compared with its worth. 
Value lies in the information provided 
for management decisions and for future 
estimates. 

Chemical enginéering design normally 
represents only a small proportion of the 
total design- time expended on a contract. 


Miller’ has given 5% as a typical figure 
for large process plants. Flowsheets and 
equipment specifications are based on 
experience gained on previous contracts 
and themselves become an addition to the 
contractor’s “know-how”. Indeed, it is 
arguable whether chemical engineering 
should be charged to specific contracts or 
whether it is better regarded as an over- 
head expense. The accuracy of estimat- 
ing the man-hours of chemical engineer- 
ing design time can therefore scarcely 
affect the profitability of the contract as 
a whole. 

The value of loading charts lies mainly 
in forecasting delivery dates and the ap- 
proach of bottlenecks. Unfortunately, 
sub-contracting (for most activities the 
favoured method of relieving overload- 
ing) is, for good reasons, an expedient 
rarely adopted for chemical engineering 
design work. Nor will a decision to 
recruit additional staff alleviate a bottle- 
neck unless it can be predicted a good 
many months ahead. 

On signature of a contract a quick 
start on the chemical engineering design 
is imperative. Delay at the initial stage 
means extra time before completion. The 
whole contracting organisation is waiting 
for information. Regardless of previous 
loading forecasts, chemical engineers 


must be quickly freed for this task. A 
similar situation arises on receipt of a 
large inquiry. 

Plant commissioning, whilst having 
the merit of being foreseeable well ahead, 
is also difficult to cater for on detailed 
loading charts, since the starting date 
and duration of the work is not amenable 
to accurate prediction. 

The load on a chemical engineering 
design section is thus singularly difficult 
to plan. Work which can be held in 
abeyance for several weeks at a time is 
needed to even out the load. Examples 
are the formulation of design methods, 
indexing of information and preparation 
of operating instructions. 

It is therefore submitted that the sys- 
tem described by Davidmann is of less 
value in planning the work of chemical 
engineers than of other designers, not- 
ably draughtsmen, who work in larger 
numbers at a later stage in the contract. 

This, however, does not detract from 
its value to an executive as an aid to 
assessing and reporting to his superior his 
ability to discharge by required dates 
the tasks with which he is entrusted. 

C. R. CoLLey 
50 Lambourne Gardens, 
Chingford, 
London, E.4. 


REFERENCE 
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Releasing Pressure in a Container to Atmosphere 


Dear Sir: 

With reference to the recent articles on 
“Releasing Pressure in a Container to 
Atmosphere”, (see page 680, December, 
1959, issue) the following treatment may 
be of interest. 

Two assumptions are made: 

(1) The flow is choked (by a valve or 
other restriction) before passing to atmo- 
sphere via a packed tower or other equip- 
ment and the pressure ratio across the 
restriction maintains sonic flow. 

(2) An element of gas expands and ac- 
celerates through the restriction adia- 
batically, but an element of gas in the 
container remains at constant tempera- 
ture. That is to say, there is heat transfer 
through the container walls so that the 
gas expands isothermally. 

From the gas law 

Po Vo = Wo RTo soe 
whence 
dme= "aw  ....@) 

That is to say, at constant temperature, 

the change in pressure is proportional to 
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the change in weight of the contained gas. 
Now the change in weight varies with the 
flow rate and time 
dW. = —wdt saa cae 
For a choked orifice the flow rate is 
given by, 
wtlys 
Ww Cp A; Po { (4 aad 


and therefore Equation (3) becomes 


dP, = 
i4/T. 
—Co[Rre(— A) i =i MEP y 


which integrates to 


--(4) 


. (5) 


loge 5 
= Co [Rre (= 5) Fai}! Ved ay 


scien 
= 38.1 Cp YT, de be... 
0 
for air where R = 96 ft Ib./Ib. 
Y= 1.40. 


°K and 


Assumption 2 is valid when the rate of 
pressure change in the container is not 
too great’: * For very rapid rates of pres- 
sure decay, heat transfer can be ignored 
and Giffen’ has developed an analogous 
Equation ‘a (6) which can be written 


Poo \* 


A: pits} (20 \t 
R Ty; At 
wi )ph ly+l a 


. (8) 


= -1- 


or for air 


r 5) 


cos A; VT At 

.. 9) 
Giffen has also treated the case of ‘sub- 
sonic discharge under adiabatic condi- 
tions, but the solution involves a rather 
tedious step-by-step process of integra- 
tion. 

Equations (6) and (8) give rather dif- 
ferent results for the change of container 
pressure with time. This is shown in the 
accompanying figure for a specific case. 
In my opinion, the adiabatic case applies 
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PRESSED 
STEEL 
SECTIONAL 
TANKS 


Braichwaite Pressed Steel Tanks with 
external flanges throughout comply 
with {British Standard 1564: 1949. The 
sectional’ method of construction en- 
ables tanks with an unlimited range of 
capacities to be provided. Suitable for 
the storage of most liquids and viscous 
substances, they can be economically 
transported and erected in positions 
inaccessible to other forms of con- 
struction. They can also be increased 
in size when additional capacity is 
required. Illustrated brochure will be 
sent on application. 
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only to very rapid discharge such as 
occurs in reciprocating engines and the 
isothermal case will give a better estimate 
for most cases of interest to chemical 
engineers. In a design including a blow- 
down operation it would be wise to make 
the choking section an orifice of known 
diameter and*discharge coefficient. In this 
way precise values for Cp and A: can be 
used in Equation (6). 

P. N. Rowe 
Chemical Engineering Division, 
Atomic Energy Research Establishment, 
Harwell, Didcot, Berks. 


Symbols Used 
At = cross-sectional area at the 
throat of the restriction, ft’; 
Cp = discharge coefficient; 


Dear Sir: 
I have read with interest both Mr. 
Davidmann’s article (July, 1959, issue, 


page 403) and the correspondence on the 
above subject (November, 1959, issue, 
page 616) published in your journal. 

A good project engineer should be a 
well-qualified man, with experience 
gained in the shops, the drawing office 
and the plant and a considerable under- 
standing of other people’s problems. 

Mr. Davidmann is, in my opinion, quite 
wrong in stating that qualified engineers 
are doing non-productive work. Project 
engineers produce good results, a project 
completed on target and generally within 
the estimate. 

In discussions with other members of 


Dear Sir: 


We have read Hilliard, Riches and 
Garman’s letter in the January, 1960, 


issue of British Chemical Engineering 
(page 56), entitled “Tubular Versus Poly- 
bloc Exchangers for Pickle Liquor”. 


In the first place the writer would 
query the title given to their letter, since 
this is not the point at issue. My letter 
under comment dealt with an article in 
the July, 1959, issue entitled “A Novel 
Application for Graphite Heat Ex- 
changers”. The object of my letter was 
to query the novelty of this application, 
since the use of an external heat exchanger 
with pump for heating a pickle tank is 
certainly not novel. Additionally, the fact 
that the exchanger is made in graphite is 
not novel, whether the exchanger be 
made in tubular form or in block form 
from graphite it may be that the applica- 
tion of a carbon block made by the 
company to which these gentlemen are 
attached to pickle liquor is novel and the 
writer offers no comment on this. 


Since the letter written by these gentle- 
men, interesting though it is, is largely a 
dissertation on a proprietary type of heat 
exchanger, and since my company does 
not manufacture either graphite tubes or 
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Co-ordinator v. Project Engineer 


the project team, project engineers must 
be able to completely comprehend the 
difficulties confronting others, be able 
to offer suggestions and make decisions 
with the full knowledge of the implica- 
tions upon other parts of the project; 
hence the project engineer or co-ordinator, 
should, nay, must, be a man of the 
highest calibre. 

To eliminate the project engineer from 
any organisation would mean that each 
team member “keeps his own nose tidy” 
and it could be at the expense of other 
team members or member. We would 
thus be left with an unco-ordinated effort, 
each member pulling his weight in his 
own way and possibly without reference 
to the overall effort. 


Tubular versus Polybloc Exchangers 


graphite blocks, we have no_ vested 
interest in either. Our job is to apply to 
a problem the best type of equipment 
available for the particular requirement, 
and we can, and do, use both blocks 
and tubes impartially. 

In these circumstances, we are sure 
Hilliard, Riches and Garman will appre- 
ciate that we cannot argue the case for 
one proprietary type of graphite con- 
struction against another proprietary 
type of construction, nor was it our inten- 
tion to do so, and we are sure that if 
Hilliard, Riches and Garman re-read our 
letter they will agree that this is so. 


Many of the technical points raised by 
these gentlemen are interesting. Some of 
them are contentious, but for the reasons 
stated above we do not propose to enter 
into open arguments at this point, 
although, as and when we have an appli- 
cation for Polybloc heat exchangers, we 
will be delighted to discuss our problems 
with them. 

Yours faithfully, 
G. H. BLack, 
Joint Managing Director. 
Kestner Evaporator & Engineering Co. 
Ltd., 5 Grosvenor Gardens, Westminster, 
London, S.W.1. 








W> = total weight of gas in the con- 
tainer, Ib.; 
w = weight flow rate, Ib./sec.; 


Po = pressure in the container, 
ft* (abs.); 
Poo — at time t = 0 
Po. — at time t = 1 
R = gas constant, ft. Ib./Ib. °K: 
To = temperature in the container. 
°K; 
t= time (At = ti — to), sec.; 
Vo = volume of the container, ft’ 
Y = specific heat ratio; 
po = density of gas in the container, 
Ib./ft*. 
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It is not the fault of the organisation 
or management that project engineers are 
needed, but in the independent attitude 
of each team member endeavouring to 
get his own job done. The task of the 
project engineer is difficult, and until 
human nature changes we shall still need 
project engineers or co-ordinators. 

To take Mr. Davidmann’s postulation 
to its conclusion, it could be assumed that 
Army Field Commanders are unnecessary 
and non-productive. We are told that “in 
every private’s knap-sack is a_ field- 
marshal’s baton”, but what a blessing 
they remained hidden during the war. 

W. N. HEDGER 
Keston, 13 Cunningham Avenue, 
St. Albans, Hertfordshire. 


Mr. Black's first letter (see page 692, 
December, 1959, issue) gives the impres- 
sion that tubular graphite heat exchanger 
equipment is widely used for steel pickle 
liquor. Our impression is that such equip- 
ment has been used in the past, but is 
now no longer used on account of the 
fragility of the tubes. There may. of 
course, be one or two isolated examples of 
the use of graphite tubular heaters for 
pickling liquor. 

This view is in conflict with the state- 
ment made by Mr. Black when he 
referred to “latest designs” of tubular 
units, 

Although Mr. Black points out that his 
company does not manufacture graphite 
tubes, etc., in his earlier letter he did state 
that it was their practice to make up 
heater units and install them, and in the 
circumstances, one would have expected 
figures of performances which would offer 
a comparison between the tubular ex- 
changers and the Polybloc type described 
by Mr. Hilliard. 

With regard to the title of the article, 
there is certainly some novelty attached 
to the use of the multi-block construction 


for pickle liquor heaters. 
Eprror 
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NITROGEN CYCLE 


LONDON 
SHEFFIELD 
GLASGOW 
NEWCASTLE-ON-TY NE 


JOHANNESBURG 


We build nitrogen generators— 
and a wide range of other gas 
generators, too. The fact had 
better be stated quickly before the 
purists point out that the nitrogen 
cycle also concerns organic. 
matter: no, we do not make nitrogen 
from decomposing animal tissue. 
Specially designed generators 
separate nitrogen from air by the 
combustion of fuel, which 
converts the oxygen content into 
carbon dioxide and water. 

We deal with these waste 
constituents, too, but one of our 
engineers will explain all that. 
Protective atmospheres for 
furnaces, including annealing of 
transformer laminations; purging 
of electric lamps and handling of 
semi-conductors; prevention of 
oxidation in chemical processes 
and in packing sensitive 
foodstuffs; handling of 
inflammable liquids in petroleum 
refining; all these processes 
employ nitrogen protection. 
Estimates of capital and running 
costs for Birlec nitrogen gener- 
ators are available on request. 


*_ . . if there were other gas cycles 


we'd ride those also, as we build 
generators for hydrogen, carbon 
dioxide, inert gases, and furnace 
atmospheres, in addition to nitrogen. 
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A New Swivel Face Shield 


An entirely new version of Pyrene- 
Panorama’s well-known FV 8 “heavy- 
duty” face shield achieves a_ greater 
degree of ventilation, thereby improving 
its demisting properties. 


An aluminium strip, swivel mounted 
on the screw adjustable head harness, 
carries a _ heat-reflecting or clear or 
coloured acetate “Celastoid” readily 
removable screen which can be supplied 
in 6-, 8-, 10- and 12-in. depths. The 
patented screw adjusting device of the 
earlier model has been retained in the 
new shield. Pyrene Panorama Ltd., Wind- 
mill Road, Brentford, Middlesex. 
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Data Acquisition and Monitoring 
Equipment 

Equipment for collecting information 
from a plant and for monitoring its opera- 
tion continuously is now obtainable from 
De Havilland Propellers. The equipment. 
to be known as Data Acquisition and 
Monitoring Equipment (D.A.M.E.), has 
been designed for extreme flexibility, and 
it can be used at any stage during the 
introduction of an automatic-control 


system. It may, for example, be used to 
gather information on the process alone, 
but as more experience is gained its 
functions may broaden. In the collection 
of performance data, D.A.M.E. will 
measure electrical inputs at the rate of 
| per sec. with an accuracy of 0.1%. The 
data can be presented in a number of 
ways, such as a print-out on a log sheet 
or as magnetic tape recording. When the 
monitoring function is in operation the 
electrical inputs or signals are converted 
to digital form and presented as a per- 
centage deviation of the variable from 
its desired value. When the measured 
variable is outside the desired limits, the 
machine presents the deviation in a 
number of ways. The logged result can 
be typed in red, a light may be shown or 
some other form of alarm can be given. 
Finally, an emergency programme can be 
set in motion to provide corrective action, 
the effects of which can be checked by 
the equipment. Among the features in- 
corporated in D.A.MLE. is the exclusive 
use of transistors in the circuitry, thereby 
ensuring a circuit life of something like 
100,000 hr. Maintenance is easy to per- 
form—although not much of it is to be 
expected—and all circuits fail safe. De 
Havilland Propellers Ltd. Hatfield. 
Hertfordshire. 
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“Leveltron” New Electrode Systems 


The secret of the correct and reliable 
functioning of the capacitance method 
of level detection rests not only with the 
stability of the electronic unit itself, but 
also in the design and application of the 
electrode system. With this in view, 
Thomas Industrial Automation have 
introduced new electrodes for use with 
the “Leveltron” proximity switch. 

These include: (1) Electrode type CE200, 
a straight rod design for liquids which 
can be covered with various plastic 
materials, i.e., p.v.c. alkathene, fluon and 
the like, to suit the application require- 
ments. (2) Electrode type CE202, designed 
specifically for use on light powders and 
materials of a low dielectric constant. 
This new electrode system will eliminate 
material “build-up” problems. (3) Elec- 
trode type CE204, the heavier abrasion- 
resisting version of the electrode Type 
CE202 and designed to cover the low- 
level applications of powders and 
materials of low dielectric constant. (4) 
Type CE203, designed for high- and low- 
level applications in bulky solids such as 
coal, stone, slag, sand, etc. (5) To complete 
finally the range of electrodes, the 
type CE201 suspended electrode has been 
introduced. This is particularly suitable 
for level detection in very large hoppers 
and can cover a full range of materials 
from light powders to bulky solids. 

All these electrodes can be situated any 
distance up to 500 ft away from the con- 





troller without any electronics in the head 
of the probe. Thomas Industrial Auto- 
mation Ltd., Station Buildings, Alitrin- 
cham, Cheshire. 
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Stainless Steel Butt-weld Pipe Fittings 

A range of stainless-steel fittings which 
are either seamless or argon-arc welded 
is now being marketed by Wilmot 
Breeden. All fittings undergo hydraulic 
tests at least to 14 times design pressure 
rating and are individually subjected to 
crack-detection tests. At an additional cost 
individual fittings can be supplied with 
covering X-ray test reports. Other special 
tests can be arranged on request. 

A matt finish is standard and each fit- 
ting is identified, by acid etching stating 
size, schedule wall thickness, grade of 
material and heat number. 

The current production of weldells 
covers sizes }in. n.b. through 10 in. n.b. 
in schedule 5 and 10 wall thicknesses 
and 4 in. through 3 in. in schedule 40 
wall thicknesses. Details of the potential 
manufacture of other sizes up to a maxi- 
mum of 12 in. will be issued shortly. 

Lap-joint stub ends of seamless con- 
struction are being produced in sizes } in. 
through 8 in. nominal bore in both MSS 
(short) and ASA (regular) lengths; and 
wall thicknesses to schedule 5, 10, 40 
and 80. Should heavier wall thicknesses 
be required, stub ends can be supplied 
in sizes 4in. through 8 in. nominal bore 
to schedule 160 thickness or greater, as 
specials. 

It is intended to add to this range of 
fittings in the near future tees (straight 
and reducing), reducers (concentric and 
eccentric) and welding caps. Wilmot 
Breeden Ltd., Birmingham. 
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Diaphragm Compressors 
For the supply of oil-free compressed 
air or gas the choice of compressor is 
often a diaphragm machine. A range of 
small compressors of this type which are 
suitable for closed-circuit duties also 1s 
now available from Dawson, Macdonald 
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New Sharples , 
fuper-D-Hydrators i! 
in the world’s most complete Ut 
range of centrifuges 


STA. 


Even before the latest additions, Sharples was 
the most complete range of centrifuges in the 
world. Now it’s better than ever, with brand 
new models of Super-D-Hydrator. 

What do the new models mean ? The unique 
design features of the Super-D-Hydrator are of 
course retained. High centrifugal force, and 
completely automatic and continuous operation, 
continue to supply a solid foundation for the new 
designs. To these basic characteristics are now 
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Enclosed type C27 
Super-D-Hydrator 
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added increased capacities and ready availability Y 
for inspection, together with the refinements of 7 
totally enclosed operation for toxic hazardous j 
materials. Antibiotics can be handled most j 
successfully in a sterile version of the D-Hydrator, j 
while special arrangements can be made for j 
operation at either very high, or very low j 
temperatures. Add up all these designs, and ] .— 
there’s a properly tailored answer for every Y — 
problem of crystal dehydration. j Hingad-Eaee type 
To Sharples world wide experience of some 7 eet aaa 
2500 D-Hydrator installations is now added Y 
greater flexibility of operation through the j 
application of careful detailed design, which is Z 
the hall-mark, “‘ Sharples.” 7 
If your problem is the separating, washing and Z 
dehydration of any sort of crystal, and you Z Z 
desire consistency of product, combined with 7 y 
automatic and continuous operation, then you Z j 
are invited to write to the address below or 7 7 
‘phone Camberley 2601 and talk it over with j y 
Graham Jackson. ' 7 | 
| | 
| | 
SHARPLES 
SHARPLES CENTRIFUGES 
TOWER WORKS, DOMAN ROAD, paths vocal SURREY ] Stave fae j 
Phone: Camberley 2601 Grams: Superspin, Camberley y ] 
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& Dawson Ltd. The outputs vary from 
2-13 cfm at 5 psig to 1.70-10 cfm at 20 
psig. Higher pressures are also possible. 
One model, for example, is capable of 
delivering air to a pressure of 60 psig. 
the output in this case being 0.85 cfm. 
Such machines are particularly useful 
where a supply of air is required for 
respirators used by operating personnel 
in the presence of harmful atmospheres. 
Vacua in the 23-24 in. Hg. absolute 
range are also attainable by these 
machines. Other features include built- 


in surge chambers to reduce pulsations, 
strip-valves, and reinforced high-quality 
diaphragms. Dawson, Macdonald & 
Dawson Ltd., Compton Works, Ash- 
bourne, Derbyshire. 
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Rotary Discharge Valve 

A new design of rotary discharge valve 
for the continuous discharge of fine 
powders from hoppers or bin outlets has 
8-in.-square inlet and outlet flanges and 
a 9%-in.-diameter fully-shrouded four- 
bladed rotor. A positive seal is obtained 
between the rotor and the housing by 
means of renewable, hard felt seals re- 
cessed into the main body casting. 
Complete gas- and dust-tightness is 
ensured by the stainless-steel or neoprene 
rubber adjustable sealing and wearing 
strips which are fitted to the tips of the 
rotor blades. 

Compactness is achieved by making 
the reduction gearbox base the end cover 
of the valve body, a construction which 
eliminates the use of couplings or chain 
drives. The unit is powered by a }-bhp 
T.E.F.C. rugged motor-gear unit which 
provides a rotor speed of 12rpm. The 
valve is manufactured in two sizes in 
cast iron or stainless steel: the single-type 
unit has a capacity of 100cfh and the 
duplex-type unit has double this capacity. 
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Dunford & Elliott Process Engineering 
Ltd., Linford Street, London, S.W.8. 
BCE 7314 for further information 


New Temperature Recorder 
A new temperature recorder of excep- 
tional performance is capable of indicat- 
ing temperature changes of as little as 
one-hundredth of a degree Centrigrade. 
The range of the instrument is either 0.35, 
0.7 or 7.0°C and it may fall anywhere 
within the limits —75 to +175°C. The 
recorder pen is servo-operated using air 
under suction as the working fluid. The 
instrument scale is rectilinear, and the 
recorder can be fitted with a 1-, 8- or 
72-hr clock. Techne (Cambridge) Ltd., 
Duxford, Cambridge. 
BCE 7315 for further information 


Fibre-glass Tanks and Pressure 
Vessels 

Vessels employing this type of con- 
struction, as described in a previous issue 
of this journal,* are now available in 
larger sizes, we learn from their designer, 
Dr. Jaray. Thus Schwelmer Eisenwerk, 
the makers of these vessels are now mak- 
ing them in diameters up to 2 m. and in 
lengths in excess of 3 m., and very shortly 
they intend to manufacture in diameters 
up to 2.50 m. and in lengths up to 6 m. 
Another continental concern, Ateliers 
Belges Réunis S.A., expect to place on 
the market vessels approaching 3 m. in 
diameter and 10 m. in length. In this par- 
ticular case vessels of up to 1.80 m. 
diameter are made of solid fibreglass con- 
struction, whereas the vessels of greater 
diameter are of sandwich construction; a 
feature which increases stiffness, reduces 
weight and price, and allows the full use 
to be made of the inherent strength of 
glass fibres. In the construction, the fibres 
are protected and will therefore retain 
both their strength and resistance to 
attack almost indefinitely. Schwelmer 
Eisenwerk & Muller G.m.b.H. (21B), 
Schwelm, Federal Republic of Germany, 
and Ateliers Belges Réunis S.A., Famil- 


leureux, Belgium. 
* Page 626, November 1959 issue 
BCE 7316 for further information 


Medium- and High-pressure Pneumatic 
Conveying Equipment 

A new range of equipment utilises low 
air volumes in pipes of small diameter 
(usually 3-S5in.) to convey materials 
ranging from foundry sand to sawdust. 
Conveying rates of 5 tons per hour in a 
3-in. pipe are normal, and larger ton- 


nages are handled in the larger diameter 
pipes. Systems may be designed for 
either pressure or suction and pressure 
differentials up to 10 psi are used. Advan- 
tages are adaptability, ease of installa- 
tion, very low capital cost and isolation 
of the conveyed material from its 
surroundings. 

The material to be conveyed need not 
be in powdered form, and granular and 
even small lump material can easily be 
conveyed. The system is built up from 
standard items, but each conveyor jis 
designed to suit the needs of the factory 
concerned, so that the advantages of 
individual design are coupled with the 
benefits of standardisation. In many cases 
the cost of this type of equipment is less 
than half of the cost of any other form 
of conveyor handling the same material 
in the same circumstances. This is partly 
due to its very small size; the cyclone 
used, for example, is only about 2 ft 6 in. 
in length. Special conveyor designs are 
available for sticky or abrasive materials, 
Air-Dust Vacuum Systems Ltd., 1 Eger- 
ton Road, Streetly, Staffs. 

BCE 7317 for further information 


Flanged Flow-sights 

Liquid Systems have increased the 
range of their flow indicating and con- 
trol instruments to include flanged ver- 
sions, as well as screwed. They are now 
available in sizes up to 6 in. nominal 
bore. The illustration shows the model 
LS.150, 3-in. angled gravity flow-sight; 
this has two plugged inlets available for 
either thermometer, vent or for vacuum 
line connections as may be required. 
Model LS.140 is the straight version. 


Materials of construction are acid-resist- 
ing bronze, cast iror, steel or stainless 
steel. Liquid Systems Ltd., Holmethorpe 
Avenue, Redhill, Surrey. 

BCE 7318 for further information 


Industrial Floor Tiles 

For flooring subject to very heavy use, 
steel plates or cast-iron grills have been 
frequently used. A new type of tiling with 
advantages over this type of flooring 
consists of a steel honeycomb plate filled 
with a non-slip diamond-hard aggregate. 
For works where fatty acids are likely to 
come into contact with the flooring, the 
aggregate may be bound with an alu- 
minous cement. This treatment prevents 
the deterioration which ordinary hy- 
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BCE 7268 for further information 


90 Foot Rotary 
dryers for the 
Chemical 
Industry 


Head Wrightson Stockton Forge were 

responsible for supplying two 9o ft. 

rotary dryers and four ball mills 

to I.C.I. Limited’s new fertiliser plant. 

The dryers are among the largest machines of this type ever to be built. 


Head Wrightson have specialised in the design and manufacture of 
drying and grinding equipment for the Chemical 

and Mining industries for many years and have installed similar 
equipment in many plants in this country and abroad. 


Please write for further information or telephone Stockton 65268. 


HEAD WRIGHTSON STOCKTON FORGE LTD 


. STOCKTON FORGE WORKS - STOCKTON-ON-TEES 


LONDON JOHANNESBURG . TORONTO . SYDNEY CALCUTTA 


April, 1960 
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draulic cements would suffer in these cir- 
cumstances. A major advantage of the 
honeycomb tiles is the ease with which 
they can be installed on worn or damaged 
floors. A period of 24 hr is usually suffi- 
cient for a tile to be set ready for use. 
Jaconello Ltd., West Molesey, Surrey. 
BCE 7319 for further information 


P.T.F.E. Sleeving 


Thin-wall P.T.F.E. electrical sleeving 
is now available in 26 different sizes from 
0.336 in. inside diameter by 0.015 in. wall 
thickness to 0.013 in. inside diameter by 
0.008 in. wall thickness. These sizes, which 
cover the A.W.G. range and are suitable 
for most S.W.G. sizes, are supplied in 
long lengths coiled on standard reels for 
ease of handling. This electrical sleeving 
has the following properties: minimum 
dielectric strength 750 volts/mil; low di- 
electric constant of 2.0; high surface 
resistivity above 10'* ohms; unaffected by 
heat, moisture and most chemicals, non- 
inflammable. 

In addition, a P.T.F.E. super-thin wall 
sleeving, having a wall thickness of 
0.006 to 0.008 in. is available in similar 
size ranges, and heavy wall sleeving can 
also be supplied to order. The entire 
range is offered in ten fade-proof colours 
for ease of identification. Polypenco Ltd., 
Welwyn Garden City, Herts. 

BCE 7320 for further information 


Gauze-type Flame Arrestor Element 


For the protection of plant using 
theoretical mixtures of town gas and air 
a new flame arrestor is now available. It 
has been tested and found adequate to 
deal with detonation conditions set up in 
long lengths of mixture pipe. Five sizes 
have been designed. 

The element consists of a pad of 12 
circles of copper gauge, 60 meshes to the 
linear inch, clamped between two per- 
forated baffle plates. These components 
are accommodated in a removable 
housing, being retained in position by a 
spacing ring and a suitable perforated 
retaining plate which also serves as a 
deflector plate. The outer casing is of 
malleable cast iron or cast aluminium 
alloy in two identical castings bolted 
together with the element housing in 
between. A boss is provided on the cast- 
ing, tapped 4-in. B.S.P. to accommodate 
a fusible link or thermocouple for use 
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with fuel cut-off devices. A report on 
the results of tests with this unit points 
out that the trap is effective to resist a 
limited number of detonations, but its 
fitting does not imply that the normal 
precautions in dealing with stoichiometric 
mixtures, i.e., minimum length of mixture 
pipe and attention to design of the 
burner for adequate turn-down, should 
be disregarded. Further work on flame 
arrestors is now being carried out at the 
Midlands Research Station of the Gas 
Council at Solihull, with a view to obtain- 
ing more data regarding performance of 
various types of elements. (Report No. 
696/58 of the Industrial Gas Develop- 
ment Committee of the Gas Council 
based on information supplied by the 
West Midlands Gas Board.) Amal Ltd., 
Holdford Road, Witton, Birmingham, 6. 

BCE 7321 for further information 


Percussion Lance for Exchanger Tubes 


Operating on compressed air or steam, 
a percussion lance pulsating at a fre- 
quency of 1500 blasts per minute can 
rapidly clean heat-exchanger tubes or 
deposits from the fire tube surfaces of 
Economic boilers. A lightweight version 
with extension stems, known as the 
Bunker lance, is suitable for cleaning and 
trimming bunkers even when they are 
fully choked. The principle of the tool is 
that a spring-loaded valve is caused to 
open and shut automatically 1500 times 
per minute. This converts the steady 
potential energy of an air line into a 
kinetic force which is applied at that fre- 
quency to the surface to be cleaned. With 
the Airnesco lance an 80-psi air line can 
give the cleaning effect of a 1600-psi 
steady pressure. Airnesco Products Ltd., 
Strood, Rochester, Kent. 
BCE 7322 for further information 


Water Steriliser 

A_ new steriliser for water supplies 
depends for its operating principle upon 
the electrolytic preparation of sodium 
hypochlorite solution from a weak solu- 
tion of common salt. This is achieved by 
an electrolytic cell of very low power 
consumption. Solutions prepared in this 
way have many advantages over their 
chemically - prepared counterparts, be- 
cause all the products of electrolysis con- 
tribute to the sterilising action; oxygen, 
for example—one of the products of the 
electrolysis—is an important factor in 
the removal of taste and odour. The 
equipment for treating a supply of water 
comprises the cell, a rectifier unit for the 
cell power supply, a salt saturator to 
which is attached a special mixing valve 
or a header tank if the cell is gravity fed. 
The mixing valve provides a brine supply 
of the requisite concentration and at the 
correct flow-rate to the cell. The output 
from the cell is fed into the supply. 
Various installation arrangements are 
possible, depending upon whether the 
water to be treated is flowing through 
an open channel or a closed pipework 


system. Four models are available of 
the Clorocel, as the electrolytic device is 
known. The quantities of water that can 
be treated per hour to give a chlorine 
concentration of 1 ppm vary from 4000 
gal. to 31,000 gal., depending upon the 
model of cell. The Paterson Enginecring 
Co. Ltd., 129 Kingsway, London, W.C.2, 

BCE 7323 for further information 


A Safety Periscope 

A safety periscope has been added to 
the extensive range of remote and in- 
direct viewing equipment made by P. W. 
Allen. The instrument is for the use of 
observers when closely viewing equip- 
ment and processes through sight glasses 
in pressure vessels, furnaces, chemical 
plants, etc., where there would be a great 
danger of serious injury in the event of 
window breakage. Using the new peri- 
scope (model A.201) the observer can 
stand well clear of the window in a safe 
zone and yet have his “eye” right up to 
the sight glass. 


The periscopic optical system provides 
a field of view of 35 degrees, fully cor- 
rected and free from distortion. A 90- 
degree eyepiece is available for use when 
the periscope has to be held horizontal at 
a level lower than the eye. 
Low-voltage, high-intensity spotlights 
are also available to fit on the end of the 
periscope for such uses as when viewing 
equipment inside pressure vessels which 
are without internal lighting. P. W. Allen 
& Co, 253 Liverpool Road, London, N.1. 
BCE 7324 for further information 


A New Metering Pump Range 

Many interesting features are incor- 
porated in a range of pumps suitable for 
the constant-rate pumping of clear corro- 
sive liquids, alkaline suspensions and 
boiler-feed conditioning reagents. Pump 
heads are of the ram type and rams can 
be supplied in several diameters; either 
one (simplex) or two (duplex) heads may 
be fitted. Suction and delivery head con- 
nections can either be combined for 
greater capacity or operated separately 
for handling different solutions. Two solu- 
tions can thus be added in a fixed ratio by 
selecting pump heads with rams of dif- 
ferent diameters. 

Capacities, a nominal fixed output of 
72 spm, vary from 40 to 520 gal./hr 
(simplex) and from 80 to 1040 gal./hr 
(duplex). Maximum working pressures 
vary from 250 to 3000 psi. Reduction 
gears can be incorporated to give a strok- 
ing speed less than 72 spm if required. A 
variable-speed gear permits manual ad 
justment of the stroking speed; automatic 
adjustment can be performed also either 
by electronic or pneumatic means. 
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BCE 7269 for further information 
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Rigid support—flexible solution to layout 


problems 


Confronted by the twin problem of installation cost versus future 
maintenance or plant alteration, forward-looking Chemical En- 
gineers are standardising more and more on Unistrut to support and 
locate service pipes, flow lines, process control equipment, and in- 
strumentation. Some typical applications are shown on this page. 


Unistrut cuts installation costs 

This versatile support system, based on a compact yet rigid cold- 
rolled steel channel section and self-locating nut assembly, elimi- 
nates prefabrication or support structures, which can now be made 
up (and if required adjusted) entirely on site. The rapid assembly 
method and the design of the comprehensive range of fittings radi- 
cally reduce time and labour requirements, materially assisting 
speedy completion and low installation cost. 


Maintenance, changing needs, temporary 


installations 

While capable of sustaining heavy loads and stresses (such as those 
set up by pipe creep), Unistrut also permits fine adjustment in the 
location of fittings to support delicate equipment, glass vessels and 
pipes. Structures can be added to or adjusted at any time, and 
maintenance work is simplified. This has also led to the use of 
Unistrut for pilot plant and experimental rigs, all components being 
re-usable. 











Further information 


For information on Unistrut in pipe-running, electrical trunking, racking 
and other support applications, please write to the address below. 
Unistrut is used by:— 
CALTEX LTD - ESSO PETROLEUM CO. LTD - VITAMINS LTD 
GLAXO LABORATORIES LTD - MONSANTO CHEMICALS LTD 


IMPERIAL CHEMICAL INDUSTRIES LTD- PETROCHEMICALS 
LTD - ROCHE PRODUCTS LTD - SHELL-MEX & B.P. LTD 


UNISTRUT 


STEEL CHANNEL FRAMING SYSTEM 


Unistrut Division of Sankey-Sheldon Ltd. 
A member of the Guest, Keen & Nettlefolds Group of Companies. 


43-45 Broadwater Road, Welwyn Garden City, Herts. 
Telephone: Welwyn Garden City 6321 (4 lines). 
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Various valve and head combinations 
can be supplied. For example, ebonite- 
lined heads have glass, ebonite or ceramic 
valves. For handling suspensions, a valve 
gear of special design is used. Square- 
section gland packing is normally em- 
ployed, the type of material being used 
depending upon the liquid being handled. 
Chevron packing or natural or synthetic 
rubber U rings can also be used. Facili- 
ties for experimental work can be pro- 
vided at a modest cost to firms interested 
in exploring the suitability of these 
pumps for their processes. Steam 
jacketed pumps can also be supplied. 
Meterine Pumps Ltd., 21 The Mall, 


Ealing, W.5. 
BCE 7325 for further information 


Helical Tube Heat Exchanger 

This exchanger differs completely from 
the conventional hairpin and floating 
head types. One important difference lies 
in the arrangement of the surface which 
is shown clearly in the illustration. An- 
other is in the kidney shape of the tub- 
ing in the helical-wound part of the 
surface. This latter feature is conducive 
to high heat-transfer rates partly because 
the shape provides a smaller hydraulic 
diameter inside the tubes than a circular 
tube of the same cross-sectional area. So 
far as the shell side fluid is concerned, 
this passes over the exchanger exterior 
surface virtually in cross-flow. Various 
modifications of this type of exchanger 
can be supplied; for example, if the shell 
side fluid pressure loss must be low, then 
two-start helices may replace the single 
helices. If evaporation is required inside 
the tubular surface then the tube-plate 
at the vapour end of the exchanger is 
made conical in shape. This modifica- 
tion allows the vapours to escape freely 
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without causing water-hammer effects. 
The exchangers, known as Helitubes, are 
available in sizes from 2.6 to 616 sq. ft 
of surface; special designs for processing 
duties can be supplied in most of the 
special metallic materials of construction 
such as the range of austenitic steels, 
monel; nickel alloys, aluminium alloys 
and other metallic materials. Where steel 
tubes are used in the construction, they 
are welded to the tube-plate; non-ferrous 
tubes, on the other hand, are secured to 
the tube-plate by special ferrules. British 
Boiler Accessories Ltd., 62/63 Fenchurch 
Street, London, E.C.3. 

BCE 7326 for further information 


Remote Control of Valves 
For remote control of valves, one nor- 
mally thinks in terms of pneumatically-, 
electrically- or electrohydraulically- 
operated equipment. There are available, 
however, simple mechanical means for 
operating valves from a distance, such 
as the Teleflex flexible cable system. The 
basis of this system is flexible cable built 
from multi-strand high-tensile steel wire 
over which additional layers of wire are 
wound to form a continuous helical 
worm; this engages with a gearwheel en- 
closed in a compact operating unit., Rota- 
tion of the wheel provides a thrusting 
motion to the cable. By connecting the 
free end or ends of the cable in a suitable 
manner to the spindle of a valve, the 
latter may be opened, closed, or adjusted 
by means of the handwheel at the gear- 
box. Cable runs of 60-70 ft are quite nor- 
mal and valves of 6-in. bore or more have 
been successfully operated by the Tele- 
flex system. Teleflex Products Ltd., 
Basildon, Essex. 
BCE 7327 for further information 


New Products at E. M. & D. Exhibition 


During February, our sister journal, 
Engineering Materials and Design in as- 
sociation with the Financial Times, 
sponsored through Industrial Trade 
Fairs Ltd. the First Engineering Materials 
and Design Exhibition ever held in this 
country. In addition to the wide range of 
products of interest to engineers in 
general displayed at Earls Court, the 
venue of the exhibition, a five-day con- 
ference was held at which papers on 
numerous topics of importance to design 
engineers were given. Among these, a 
paper on “Pumps for the Processing In- 
dustries” was delivered by Mr. J. O. S. 
Macdonald, Editor of British Chemical 
Engineering, and it is planned to publish 
this paper in a more specialised form in a 
future issue of the journal, Details of 
items displayed at the exhibition of par- 
ticular interest to our readers are given 
below. 


High-temperature and Pressure 
Connections 
Ruston & Hornsby displayed a range 
of the Ruston-Grayloc connections they 
are now manufacturing under licence 


from the Gray Tool Co., of Texas, for 
high-pressure and temperature contain- 
ment, The connections are said to be 
superior in many ways to the orthodox 
flange connection, especially in ease of 
assembly and in their reduced weight and 
size. The company state that their intro- 
duction at this time is particularly im- 
portant when great progress is being 
made in new equipment for the chemical 
and petrochemical industries, where high- 
pressure steam cycles, operating pressures 
and temperatures have increased rapidly. 
It is also, they state, today’s complete 
answer for connections where a new con- 
cept of leak tightness is demanded by 
modern industry, particularly the nuclear 
field. The connections are made in a 
complete range to match standard pipe 
sizes, from 1 in. to 30 in., and are avail- 
able to suit varying pipe thicknesses for 
each nominal pipe size. 


In smaller sizes, }-in. to 14in. bore, a 
screwed union connection having the 
same sealing principle may be used in 
place of the bolted clamp connections. 
Main advantages of the connections are 
low cost; economy in weight as against 
corresponding high-pressure flange as- 
semblies; sealing members can be used 
many times; sealing members cannot be 
over-tightened; clamps and bolts can be 
positioned to offer the greatest acces- 
sibility; and the hub and sealing mem- 
bers can be manufactured in a variety of 
materials to resist corrosion. Ruston & 
Hornsby Ltd., Lincoln, England. 

BCE 7328 for further information 


Heat-resistant Material 


A new heat-resistant material for cast- 
ings—Spheronic—said to have a higher 
resistance to oxidation penetration, 
greatly increased heat-resisting applica- 
tions, higher strength properties and 
excellent corrosion resistance was an- 
nounced at the exhibition by S. Russell 
& Sons Ltd. The new material is for 
service use where temperatures up to 
950°C (1740°F) are envisaged, and it is 
said to have particular resistance to 
growth and scaling at such temperatures. 

In an experiment carried out on one of 
their Bogie hearth annealing furnaces, 
the company found that in a short-time 
test (the furnace, which works on a 24-hr 
cycle and is town’s gas fired, was main- 
tained at a temperature of 900°C for 
4 hr, the flames passing under and 
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BCE 7270 for further information 
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YOU NEED SPECIALISTS! 


Send us the data and we will supply 
the best practical answer. 


Send also for our Publication 158 
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through the grids, thus ensuring a condi- 
tion of very severe test) that cast iron, 
low-chrome alloy iron and ordinary S.G. 
iron grids grew 5% in length, the flake 
graphite Ni-Resist grids grew 1%, the 
S.G. Ni-Resist had a very slight growth 
and that Spheronic grids showed no 
growth at all. In a further test, Spheronic 
castings proved to be superior to cast- 
ings of S.G. Ni-Resist, particularly to 
scaling. The manufacturers also claim 
that their new material is also consider- 
ably easier to cast than the equivalent 
heat-resisting steels. S. Russell & Sons 
Ltd., Bath Lane, Leicester. 

BCE 7329 for further information 


Industrial Uses for Nylon 

Nylon is no longer a material solely 
for use by the textile industry for making- 
up into wearing apparel. For industrial 
use, nylon offers several attractions to 
the design engineer, as it has greater ten- 
sile strength and shock strength than any 
other textile fibre. It also has the advan- 
tage of great abrasion strength and will 
maintain its strength well when wet, is 
completely rotproof and has excellent 
resistance to chemical attack, points 
which also are of interest to chemical 
engineers. Several interesting examples of 
the use of this versatile material were 
shown on the stand of British Nylon 
Spinners, among which was its use as a 
transportable inflatable building (two 
sizes are available: 27 ft 6 in. % 18 ft 6 in. 
x 9 ft high and 12 ft x 12 ft x 9 ft high) 
and as a collapsible tank which enables 
ordinary lorries to carry liquids in bulk. 
Ore company is marketing tanks made of 
nylon for use inside aeroplane fuselages 
and, of course, they can be used as 
temporary static storage tanks. Further 
details of these and other applications for 
this material in industry can be obtained 
from British Nylon Spinners Ltd., 68 

Knightsbridge, London, S.W.1. 
BCE 7330 for further information 


Dip-coating Chemical Plant 


Durable Plastics Ltd., we learned at 
the exhibition, are to change their name 
to Plastic Coatings Ltd. on April 1, a 
title which they feel more accurately 
reflects the type of work they undertake. 
We were also informed that the company 
have recently completed what is believed 
to be the heaviest dip-coated article in 
the world for the Esso Refinery, Fawley, 
a casing for a 30 in./24 in. horizontal 
D.S. pump which will be used to supply 
the main salt water delivery for cooling 
purposes (see illustration). The pump 
casing consisted of two parts which 
together weighed 4} tons. Each half was 
given an experimental anti-corrosive 7%- 
in. coating of P.V.C. by dipping it into a 
trough of Geon P.V.C. paste. Formerly 
the casings for such pumps as installed at 
the Fawley Refinery were spray-lined 
with neoprene rubber. However, it is 
claimed that by using the P.V.C. dip pro- 
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cess, the cost has been cut by 50%. Geon 
P.V.C., on which the paste is based, is a 
product of British Geon Ltd. A new pub- 
lication recently issued by Plastic Coat- 
ings Ltd., By-Pass, Guildford, Surrey 
(“Plastic Coating”), gives details of the 
services they provide to industry. 

BCE 7331 for further information 


Laboratory Centrifuge 
On the stand of the Distillers Plastics 
Group was exhibited a new laboratory 
centrifuge, the first time this unit had 
ever been displayed. The centrifuge is 
manufactured in Rigidex high-density 
polythene, a material stated to have ex- 
cellent impact strength and good abra- 
sion resistance, and measures about | ft 
in diameter and stands about 10 in. high. 
Driven by a low-powered electric motor, 
the unit stands on three short legs which 
terminate in suction pads which hold 
the centrifuge firmly to the laboratory 
desk. A snap lid facilitates easy opening 
and closing. Full details of this unit can 
be obtained from the Distillers Plastics 
Group, Devonshire House, Piccadilly, 
London, W.1. 
BCE 7332 for further information 


Stainless-steel Filter 

Porosint Rigimesh, a _ new filter 
material, is a woven wire mesh made 
rigid by furnace-welding the wires of the 
weave at all contact points, was an- 
nounced at the exhibition by Sintered 
Products Ltd., a member company of the 
Sheepbridge Engineering Group. The 
standard material is manufactured in 
stainless steel, but it can also be produced 
in Monel, Nimonic 75, nichrome, bronze 
and nickel. The filters have porosity 
ratings of from 5 to 100 microns and, if 
necessary, can be produced to remove all 
particles greater than 2 microns. It is 
supplied in sheet form which, the manu- 
facturers state, can easily be fabricated 








and welded. Further items of interest 
this stand were the catalytic crackin 
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tubes manufactured by Sheepbri 
Alloy Castings which can be produc: 
in diameters from 6 to 10 in. and 
lengths up to 40 ft. Previously, 
manufacturers state, these units cou! 
only be purchased either from Americ 
or Germany. Centrifugal casting of we! 
neck flanges was also claimed by this 
company to be another recent break- 
through as, hitherto, it has been neces- 
sary to forge the flanges. However, due to 
the consistency and high standard of 
quality obtained by centrifugal casting, it 
is now possible for the company’s works 
to spin-cast the flanges. Sheepbridge En- 
gineering Ltd., Chesterfield. 

BCE 7333 for further information 
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A Correction 


Powell Duffryn Eng. Co. Ltd. have 
informed us that the range of container 
handling vehicles which they are manu- 
facturing has been redesigned and that 
the maximum handling container capacity 
figure for the redesigned vehicles is 38,000 
and not as reported in our March issue, 
p. 224. The “Dinosaur”, one of a range 
of seven models, is a refuse transfer loader 
and transporter and is capable of setting 
its own body down on the ground or dock 
and uplifting, transporting and tipping 
loaded bodies to and from a depot or 
transfer station. Full details of this and 
the other six vehicles can be obtained 
from Powell Duffryn Eng. Co. Ltd., Cam- 
brian Works, Maindy, Cardiff. 

BCE 7334 for further information 


New Publications 


“Ferranti Alloy Castings” is the title 
of a 20-page brochure published by Fer- 
ranti Ltd. to inform interested prospective 
users of the services offered by the com- 
pany’s foundry for the casting of pro- 
ducts in S. G. iron, NoduMAG, Nomag, 
Ni-Resist and Ni-Hard. Ferranti Ltd., 
Hollinwood, Lancashire. 

BCE 7335 for further information 


The properties and applications of a 
series of substituted aromatic sulphonates 
are the subject of a recently-issued book- 
let entitled “Eltesol Hydrotropes”. The 
publication presents data on phase equili- 
bria and interfacial tensions along with 
other data on properties. The compounds 
can be used as conditioners and anti- 
blocking agents; they permit, for 
example, the spray drying of detergent 
slurries of low water content. The 
resultant products are crisp, free-flowing 
powders. Marchon Products Ltd., White- 
haven, Cumberland. 

BCE 7336 for further information 


Asbestos millboard has a number of 
industrial applications particularly where 
flame and heat resistance are required 
coupled with good thermal insulation. 
Its use as a gasketing material and as an 
external cover for thermal insulation are 
among the many applications described 
in a brochure prepared by its manufac- 
turers, Turner Bros. Asbestos Co. Ltd. 
Rochdale, Lancashire. 

BCE 7337 for further information 
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This ultrasonic homogenizer offers 
the easiest, most convenient and 
efficient way of making emulsions 
and dispersions. 

Minisonic Model 3 is made in 
stainless steel with built-in glass 
vessels and perfect finger tip 
control valve. 

Developed on the experience of 
over a thousand installations of the 
Rapisonic, it is an advanced and 
reliable machine, sold at a sensible 
price. 

Details on request from Ultrasonics 
Lid., Westgate, Otley, Yorkshire. 


THE NEW | 
MINISONIC 
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ULTRASONICS LTD. 


















Se, 


WINN & COALES LTD. 








LONDON Tel: GiPsy Hill 4247 
MANCHESTER Tel: Sale 827! 

(Also Contracting Dept.) 

BELFAST Tel: 641920 
DUBLIN Tel: 61768 


April, 1960 


@ alike to new metals and those already 


@ at low initial cost 






gives complete 
and permanent 
protection... 


@ above or below ground... under 
water... in sub-zero or tropical 
climes .. . in moisture- or acid- 
laden atmospheres ... anywhere . . 


everywhere oo 















partially corroded 


@ ...andis easily cold-applied through- 
out a wide temperature range in 
factory, store or under the most 
unfavourable on-site conditions y 
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World of Chemical Engineering 





First U.K. Continuous Benzole 
Refinery Plant 

A new continuous benzole refining 
plant, designed and constructed by the 
Chemical Engineering Division of The 
A.P.V. Co. Ltd., has been put on stream 
at the Scunthorpe Coke Oven and Chemi- 
cal Plant of the Appleby-Frodingham 
Steel Co. (branch of the United Steel 
Companies Ltd.). This plant is the first 
one in Britain to produce nitration-grade 
boiling-range benzole and toluole, 2° 
xylole and 160/190° naphtha _ con- 
tinuously from crude coke-oven benzole. 
The design throughput is 54 million gal. 
a year. A striking advanee in the benzole 
refining field is the operation of five 
continuous fractionating columns in 
series. In a test run it was established 
that at a throughput rate of over 650 gal. 
an hour of crude benzole the refinery 
produced the above products with a 
steam consumption of less than 11.8 Ib. 
a gal. of crude. Subsequent operation 
shows a considerable reduction in this 
figure. The -refinery incorporates the new 
A.P.V. continuous defronting unit which 
is capable of producing defronted benzole 
containing as little as 1 ppm of carbon 
disulphide sulphur with a very low loss 
of benzene in the overhead fronts. This 
is the second benzole refining unit sup- 
plied to the Appleby-Frodingham Steel 
Co. by A.P.V. The first, erected in 1940, 
processed over 38 million gal. of crude 
benzole and has now been superseded 
by this latest plant of twice the original 
capacity. 


Catalytic Reformer for 1.0.R.C. 


It was announced during February by 
the board of directors of the Iranian Oil 
Refining Co. that a major addition to the 
facilities at Abadan refinery will be made 
by the construction of a platforming 
catalytic reformer with a capacity of 
20,000 bpd. The new plant will produce 
high-octane components essential for the 
manufacture of premium-quality motor 
gasolines. This addition to the refinery 
























Artist’s impression of 1.0.R.C.’s projected plat- 
forming catalytic reformer. 
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installations will ensure the refinery’s 
competitive position in the world market 
will be maintained as octane number 
demands increase. It is estimated that 
the expenditure for this project will be 
approximately £34 million and will be an 
addition to the company’s 1960 capital 
budget. The design and construction of 
the reformer will, it is estimated, require 
two years. 


lon Exchange Developments 

As a result of the development of ion- 
exchange techniques, full advantage of 
which has been taken by Johnson Mat- 
they & Co. Ltd., the company is now 
able to produce rare earths in quantity 
and to a high degree of purity. Our illus- 
tration shows some of the columns in 
operation at the Johnson Matthey plant. 





In addition to scandium and yttrium, 
some 16 rare earth elements, including 
the 14 “lanthanons”, are now available 
in a high state of purity. All of the metals 
can be supplied as ingots, and lanthanum, 
cerium, neodymium, praseodymium, 
yttrium and gadolinium are available as 
fine wire. 


New Synthetic Rubber Plant 


Chemische Werke Hiils A.G. has ob- 
tained a licence from Studiengesellschaft 
fiir Kohle m.b.H., Miihlheim, to produce 
polydiolefins. The first product to be 
commercially manufactured by 
Chemische Werke Hiils A.G. on this 
process is polybutadiene, a new type of 
synthetic rubber. For the manufacture 
of polybutadiene, the first specimens of 
which are expected to enter the market 
this spring, Hiils have developed two 
processes of their own utilising catalysts 
which have been originated by Prof. K. 
Ziegler. 





News Briefs 


It has been drawn to our attention that 
the authors’ details to the article “Applica- 
tions and Design of Piate-fin Heat 
Exchangers” by W. H. Denton and D. E. 
Ward, although true in substance, are 
incorrect in fact, inasmuch as Dr. Ward 
was still a member of the Atomic Energy 
Research Establishment, Didcot, Berks.. 
when the work reported in the article 
was carried out. 

Plans for the construction of a plant 
to manufacture melamine have been 
announced by Mr. O. N. Williams. 
managing director of Cyanamid of Great 
Britain Ltd., the British subsidiary of 
American Cyanamid Co. The project 
involves a total investment of more than 
£430,000. The new manufacturing 
facilities will be located on land acquired 
adjacent to Cyanamid’s present pharma- 
ceutical plant at Gosport and it will have 
a capacity of 6 million Ib. of melamine 
a year. It is scheduled for completion 
early in 1961. 

LC.L. Ltd. are joining with W. & H. M. 
Goulding Ltd. in the manufacture and 
supply of fertilisers in Northern Ireland, 
and are to acquire a 51% holding in 
Richardsons Chemical Manure Co. Ltd. 
and Ulster Manure Co. Ltd. It is the inten- 
tion that Richardsons shall build a new 
factory at Belfast to make concentrated 
complete fertilisers. I.C.I. have also 
decided to start building the first piants 
on their new 1000-acre site in South 
Gloucestershire, three miles north of 
Avonmouth. Construction work will begin 
this spring, and will be supervised by 
L.C.I.’s own staff. The plants are expected 
to start production in about two years” 
time. 

A special feature in the handling of 
the contract for a tar oils plant placed 
with Whessoe by the South-eastern Gas 
Board for Ordnance Wharf is the use by 
Whessoe of scale models of equipment 
layout and piping for speed and con- 
venience. Design, Whessoe states, has 
been greatly assisted by modelling tech- 
niques, which show considerable advan- 
tages over conventional drawing methods. 
A small-scale model was used to obtain 
quick decisions on layout and spacing, in 
consultation with the client; details of 
units and buildings were then worked out 
and a large-scale “piping model” made. 
This shows all connections, and piping is 
laid out on it with the minimum of 
detailed drawing. 

It has been announced that an agree- 
ment has been signed between Head 
Wrightson & Co. Ltd., the Teeside 
engineers, and the Belco Division of 
Bogue Electric Manufacturing Co., of 
Paterson in the United States, which will 
enable Head Wrightson to design, 
engineer and build water treatment and 
trade waste disposal plants throughout 
the world, excluding the North American 
continent. 
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The use of BELLOWS in Chemical Engineering 





Wherever pipes operate under conditions of 


temperature and pressure, expansion joints 
may be required. The bellows type expansion 
joint has in the past few years become 
standard equipment, being now recognised as 


extremely efficient. 


played a leading part in the introduction of 
stainless steel bellows expansion joints to the 
chemical industry and can be relied on to 
co-operate fully with design and plant engineers 
who are confronted with pipe problems. 


Teddington engineers have 
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Illustrated descriptions are 
given of the many and 
varied problems that 
Teddington Bellows 
Expansion Foints can over- 
come. If you did not 
secure your copy at the 
Engineering Exhibition, 
please write for one. 








IN PIPELINES 


Restrained double units operate in shear 
to accommodate large movements with 
negligible anchor loads. Two restrained 
double units can be used to make a very 
flexible, small dimension pipe loop for 


large expansion. 


ISOLATING PUMP MOVEMENT 


In the pipework connected to a pump, 
restrained double units fitted at right- 
angles to the plane of vibration will 
operate in shear to accommodate the 
movement and protect the pipework. 














SEALING VALVE STEMS 


Bellows units provide an absolutely leak- 
proof seal on valve stems. 


















A pril, 


v 


STAINLESS STEEL FLEXIBLE BELLOWS EXPANSION JOINTS 


TEDDINGTON AIRCRAFT CONTROLS LTD (industrial Bellows Division) Ammanford, Carmarthenshire. Tel: Ammanford 2255 


1960 


Made under licence from the Solar Aircraft Co., California, U.S.A. 


TEDDINGTON 
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Tough Plastics Ltd. is the new name 
chosen by Cawley Plastics Ltd. The 
change of name is being made, the com- 
pany states, due to persistent confusion 
between the name of the company and 
the town of Crawley in Sussex, and is 
consequent upon the success of their 
trade-mark “Tufplas”. 


The world’s biggest single unit distilla- 
tion plant, capable of producing 
1,200,009 gal. of fresh water daily from 
sea water, is being built by Buckley & 
Taylor Ltd., of Castle Iron Works, Old- 
ham, for an oil refinery at Cardon, 
Venezuela, to the order of the Compania 
Shell de Venezuela Ltd. 


A new Pipework Engineering Division 
has been created within Stewarts & 
Lloyds, the steel tube company, which 
will be responsible for the making and 
marketing of all forms of manipulated 
pipework. 


Overseas News 


Agreement in principle, subject to 
parliamentary approval, has been reached 
between the South African Government, 
the Durban City Council and South 
African Petroleum Refineries (Pty.) Ltd. 
on the construction of a £264-million 
refinery at Reunion Rocks, near Durban 
Airport. The refinery will be owned and 
operated by South African Petroleum 
Refineries (Pty.) Ltd., a newly-registered 
private company incorporated in South 
Africa, in which the Royal Dutch/Shell 
and BP Groups as equal partners have 
joined forces in order to benefit from 
the economies of large-scale operations. 
The chairman of the new company is 
Mr. P. M. Dowson, managing director of 
the local board of The Shell Company of 
South Africa Ltd., and Mr. C. T. Williams, 
general manager of BP Southern Africa 
(Pty.) Ltd., is also a director. It is hoped 
that the refinery, which will have a 
capacity of-some 3 million tons a year, 
will be in operation by 1963. 


Dow Chemical International Ltd. and 
Dow Chemical Co have announced a 
number of important developments in 
the plant field. In Italy they announce 
the formation of a new company, Dow 
Chimica Italiana S.p.A., and the con- 
struction of a multi-million-dollar plant 
for a number of products, included 
among which will be Styron (Dow Poly- 
styrene). Plans for the construction of a 
styrene-butadiene latex plant in Rotter- 
dam and a major increase in the com- 
pany’s Louisiana Division (amounting to 
$30 million) which will include a plant 
for the production of ammonia, increases 
in production capacity for chlorine, 
caustic soda and vinyl chloride and ad- 
ditions to power and steam facilities are 
also announced. 


It has been reported that the Dunlop 
Rubber Co is to establish a $M25 million 
(approx.£2.9 million) rubber tyre plant 
at Kuala Lumpur, Malaya. The plant is 
expected to produce 400,000 tyres a year. 
Construction is expected to begin in the 
middle of 1960. The plant will initially 
use about 2000 tons of Malayan rubber 


a year. 
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Contracts 


In the face of American competition, 
John Thompson (Wolverhampton) Ltd. 
recently received a contract valued at 
£116,130, obtained through the com- 
pany’s membership of BREFCON, the 
British consortium formed 18 months ago 
for the purpose of supplying plant for 
the Petroleo Brasileiro S.A. (Petrobras) 
Duque de Caxias Refinery in Rio de 
Janeiro, Brazil. The contract is for the 
manufacture of rotating disc contactors. 
The contract was awarded by the Foster 
Wheeler Corp. of New York, who are the 
engineering contractors in association with 
Foster Wheeler Ltd. of London. 

Humphreys & Glasgow Ltd., in asso- 
ciation with Petrocarbon Developments 
Ltd., are to provide for the chemical 
industry of the German Democratic 
Republic an ethylene plant with a capa- 
city of 40,000 tons a year. The order for 
the design and detailed engineering of 
the first phase of the project will com- 
mence at once. The first phase is due for 
completion in December, 1962. This is 
the first time that British companies have 
obtained a contract for a complete 
chemical plant for Eastern Germany, 
whose chemical industry ranks second, 
amongst the Eastern countries, only to 
that of the Soviet Union. The contract is 
stated to be part of the vast expansion 
programme of that industry, and is one 
of the first results of the recently-signed 
1960 amendment to the 1959 trade agree- 
ment between the Federation of British 
Industries and the Chamber of Foreign 
Trade of the German Democratic 
Republic. 

Ashmore, Benson, Pease & Co. Ltd. 
(a member of the Power-Gas Group), 
Stockton-on-Tees, have recently received 
orders from  Petroleos Mexicanos, 
through Fluor Engineering & Construc- 
tion Co., for fabricated refinery equip- 
ment of a value exceeding £} million. 
The equipment, which is for the Minatit- 
lan refinery, near Vera Cruz, Mexico, 
includes over 70 heat exchangers and two 
large vessels. 

P. G. Engineering Ltd. (also a member 
of the Power-Gas Group), Stockton-on- 
Tees, has received an order from India 
for a plant to produce 150 Ib an hr of 
liquid carbon dioxide. The raw material 
will be fuel oil and the plant will be 
installed in Kerala State, South India. 

Procon (Great Britain) Ltd. has been 
awarded a _ contract by Sociedade 
Nacional de Refinacao de Petroleos 
(SONAREP) to build Mozambique’s first 
refinery. SONAREP is a subsidiary of 
the petroleum marketing firm, Sociedade 
Nacional de Petroleos (SONAP), a 
Portuguese company. Cost of the project 
has not been disclosed. Refining units 
will include a 12,000-bpd crude unit, a 
2500-bpd platforming unit, 2000-bpd 
diesel fuel Unifining unit, a 1500-barrel 
Merox unit and supporting facilities. 
Platforming, Unifining and Merox pro- 
cesses are licensed by Universal Oil 
Products Co. Completion of the refinery 
is expected in early 1961. 

China has placed another order to the 
value of £8000 for six gas-liquid chro- 
matographic analysis apparatuses manu- 















factured by Griffin & George Ltd. This is 
the second large order to be received 
from China in 12 months. 


People in the News 


Dr. D. A. Senior has now taken up his 
post as Scientific Attaché to the British 
Ambassador in Moscow. Dr. Senior has 
no specific technical assignment in Mos- 
cow, but will cover the broad field of 
science and technology, embracing the 
physical sciences, biology, medicine and 
agriculture. His aim is to promote good 
relations and understanding between the 
two countries in this field and to facili- 
tate exchanges of information and 
people. He will advise the Ambassador 
and will report home on scientific and 
technical matters. Since being appointed 
last April, when he made a brief visit to 
Moscow, Dr. Senior has been on a fact- 
finding tour of British industries, universi- 
ties and technical institutions. He has 
also contin'ied his study of the Russian 
language. 

Mr. S. P. Chambers has been formally 
elected chairman of Imperial Chemical 
Industries in succession to Sir Alexander 
Fleck, who retired on February 29. Mr, 
L. H. Williams has been elected as a 
deputy chairman of the company in place 
of Mr. Chambers, Mr. Williams will act 
jointly with Mr. E. A. Bingen and 
Dr. R. Holroyd. 

Mr. G. Cole, a vice-chairman of Uni- 
lever, is to become chairman of the com- 
pany in succession to Lord Heyworth, 
who is retiring at the annual meeting on 
April 26. Mr. Cole will also become a 
vice-chairman of Unilever N.V., from 
which position Lord Heyworth is also 
retiring. Mr. J. A. Connel, a director of 
Unilever and Unilever N.V., is to succeed 
Mr. Cole as a vice-chairman of Unilever. 


Mr. R. Miles, chairman and managing 
director of Head Wrightson & Co. Ltd., 
has retired from the company. He was 
chairman for 10 years and managing 
director for 25 years. He will, however, 
remain a board member of the parent 
company. Sir John Wrightson, vice-chair- 
man and managing director for the last 
ten years, has been appointed to succeed 
him as chairman and managing director. 
Mr. Peter Wrightson, managing director 
of Head Wrightson & Co. Ltd. since 
1955, has been appointed vice-chairman 
and managing director. 

Mr. J. M. Kershaw, director of 
development and market research, was 
appointed alternate to Mr. T. P. Bering- 
ton on the board of Monsanto Chemicals 
Ltd. Mr. Kershaw, who joined Mon- 
santo in 1946, has been responsible for a 
number of special development projects, 
including the construction of the com- 
pany’s new factory at Fawley. Before 
his appointment as director of develop- 
ment and market research he was chief 
engineer of the company. 

As a result of the offer by Albright & 
Wilson Ltd. for the capital of A. Boake, 
Roberts & Co. (Holding) Ltd. having 
become unconditional, Mr. F. G. Pente- 
cost, chairman of A. Boake, Roberts & 
Co. (Holding) Ltd., has been appointed a 
director of Albright & Wilson Ltd. 


British Chemical Engineering 














